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TRAVJ3I FOREOASTINO MODELS FOR INDIAN URBAN STRUOTURE 

(a thesis submitted in paj^tial fulfilment of the requirements for 
the degree of Dootor of Philosophy by Bommareddy Satyanarayana Redd 
to the Department of Civil EnginGorlng, Indian Institute of 
Technology, Kanpur, India, October, 1904-) 

IbrocesB of urbanization in developing countries is not 
simply a repetition of what occurred in the developed world, 
rather it is occurring much faster and under different economic 
and technological conditions, ICorgo sizo dovolopinf.; oitios 
generally suffer more from traffic congestion, road aooidonts, 
environraontal pollution, overcrowding of public transport, and 
poor conditions for pedestrians. 

In the last throe deoades planning of urban transport 
has changed dromatioally and a largo number of models have been 
developed for various stages of the travel forooastlng proooss. 
Those models depend on a high level of cor ownership and a 
rclativoly homogeneous distribution of land uoo at low density. 

®ie oitios in doveloping oountrios have lower inoorntj level, 
multiple modes of travel, heterogeneous distribution of land 
use at tiigh donsity and poor transport facilities. The factors 
that generate trips and which determine mode choice among the 
low inoomo groups ore not well understood and cannot bo deduced 
from exporionoe in dovelopod oountrios. A study of Indian 
sooial structure in relation to travel habits is necessary to 
develop trip generation models. 
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The aim of this study Is to develop system of models 
appropriate for Indian, urban structure, which given a knowledge 
of land use, household oharaoteristics , and available transport 
facilitioa could estimate accurately the intricate movements a.f 
traffic on, the system by mode. The models evolved in the study 
include! trip production models; mode choice decision models 
based on non-compensatory choice processes; simulation of modaJ. 
split and trip distribution as an interconnected docision process; 
and programming model for combinud trip distribution and 
assignment. (Qaese models oould be vised to show what would 
happen if tranSpox*t facilities are ohangod end if over time, 
the land use and household charactaristioo are altered. 'Che 
officiont methodologies for travel demand models can be evolved 
only when oarofully programmed basic data related to the existing 
situation of the system are available. The models evolved are 
calibrated and validated for the oity of Kanpur, the premier 
industrial metropolis of Uorthorn India, Iho oity is divided 
into 56 trJAffio aonoa and tho models are oalibratod for the base 
year honaohold traval survey data. 

Trip Produotlon Models ■ 

Throe trip produotion models, nfmoly, ssonal regression 
category antfl.ysiB, and household regression models are oonotruoted 
based on tho household survey data. For the selection of best 
set of explanatory vfjriablos in the zonal and household rogroasion 
models, forward stepwise regression method la used. The explanatory 
variables oonsidored for zonal regression are! number of persons 
in the zone, total income level for the zone, number of vc-5hiclQB 
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of different types in a zone, and zonal trip length. Zonal 
trip production relationships are obtained for the work and 
education trips by modes. Considering the typo of household 
data available and. with the fjdra to ooiiservo homogeneity within 
each typo of housohold, catogory analysis is tisod for productions 
of work and education trips, 'llio housohold is olassifiod in 
thrOQ difforont ways such as family size-income level, family 
size-vehicle ownership, and income levol-vohicle ovvnorship 
combinations. .In household rugroaoion approach tho analysis 
is directly applied to tho basic housohold data, and it operates 
on the whole of tho vin?iability whioh oocists in tho data at that 
level. Tills approach is a oombination of hotter foaturoa of 
zonal regression oatogory anal-ysis* Tho ohoioo of explfinatory 
variables are guidod by tho results of zonal rogroosion and 
household Qlassifioations. Tho explanatory variables that havo 
boon oonsidorod ores family size, Income lovol, vohiolo ownership, 
and trip length. Those variablos are further stratifiod into 21 
subgroups, Bocauso of oorrolation botwoon tho voriablos, number 
of oxpl/Jnatory VOTiablos that ^iro found to ontor tho regression 
oquations r^mgo botwoon sovon and fiftoun. 

Mode Ohoioo Beoision Models 

Mode ohoioo decision models of non-ooraponsatory structures 
are mode on the basis of attributo by attribute comparison of 
various alternatives, 'The levels of satisfaction assooiatod with 
each of the attributes porooived by tho person in tho doolsion 
process are evaluated. Based on the oonoept of decision theory 
maximin, maximax, and predominant-attribute models are formulated. 
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The choice of attributea involved In the decision malting process 
is of paramount importance* In a typical metropolitan city of 
India having number of alternative modes, tho deolaion maker has 
to access his/her own aooio'-oconomio oharactoristlco in relation 
to tho characteristics of available oltornativo modes* The 
attributos considered in this study are: ftmiily size, income 
level, vehicle ownership, and trip length* 

Tlio maximin/maximax strategy calls for tho identification 
of least/highest satisfactory alternative of each atteibute and 
tho solootion of tho altornatlvo which yields tho highest 
minlmum/maxiniuin level of satisfaction. Predominant-attribute 
model calls for identification of the most predominant attribute 
according to tho generic importanoo* Altornatlvo having the 
highest level of satisfaction for tho predominant attribute is 
aelootod. The results obtained from muxljnin. and maximaof models 
oompore woll with tho observed data, but the results obtained 
from the prodominant-attributo model signif loantly v«3ry from 
tho observed values. As ouch tho most prodoinlnant-attribiito 
model as lormuiatod does not appear to be suitable for the 
oity of Kanpur^ This may be attributed to tho fact that tho 
utility value for oaoh attribute is taken os tho proportion of 
trips for that alternative, or it may be that the mode olioioo 
dooislon prooesB is not affootod only by tho most predominant 
attribute. It is desirable to test this model for some other 
oitios also to identify the appropriate oausosfor dlfferenoes. 
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Simulation of Model Split and Trip Distribution 

Different designs for disaggregate models have boon 
suggested to solve complex interaction prooesses, but the 
implementation has been highly hampered by the methodological 
difficulties. Simulation of the complex decision process at 
the Individual level is attempted in this study. Tlio model 
simulates modal split and trip distribution as an intorcomiectod 
deoislon process. The model essentially oonsists of status 
group, mode ohoioo, and distribution submodels. Individuals with 
similar cons toll at Ions of activity constraints wo grouped into 
status groups, Tlio individual decision prooeos which la 
a'bochastio<illy dotonnined from the decision profile of his/her 
status group ,lden.t if ios the mode oholoe and trip deatinatton. 

The decision profiles which act as the major constraints on 
travel behaviour inoludoj distributions of pi*oduotione aaid 
attractions; distribution of zonal Inoome levels; distributions 
of travel mode, travel time, travel cost, and employment / 
education opportunities for each of the status group; and travel 
tirao and travel oost distributions by modo, Iho oomponento of 
tho model ore aotivated in a speoific order and with cortain 
specif io foodbaolcs, Ilio model is so structured that tho order 
of activities of tho difforont components oan bo easily changed 
as por tho fr«mowork of tho study. 

The simulation prooedure first creates an individual. 
From the origin of the individual and Inoomo/eduoation 
level, the status group is identified. Tho mode of travel is 
identified from the decision profile of travel generated for 
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the relevant status group. The mode soleotod remains fixed 
during the decision cycle of the individual's destination 
choice. If it BO happens that the destination could not be 
assigned, then a now attempt on the selection of the mode is 
made, Tlio travel time rango for the individual is aoleotod 
from the travel time decision profile of the relevant status 
group. Using the decision profile of employinent/oducation 
opportunitL'ea , a set of destinatioii aonos that have the potential, 
to attract, md cian bo roaohod within the aasignod travel time 
rmigo fire identi.fied. When more than one destination aonos 
aro idontifiod, a travel cost rarif.^u is rondonily drawn from the 
appropriate decision pro.filo. Out of the al.roady idontifiod 
sot of dostinations, only those wliich can bo reached within the 
seloctod travel cost rango wo sorted, and the one with minimum 
travel oost is suloctod provided it has already not boon assigned 
tho desired trip ends. 

Tho empirical, validation of the stmulation model la 
attempted by oonipwing the model outputs with the obsorvod 
household survey data, Kaoh of tho subiuodols is validated by 
appropriate raeusuroo of offeotivonusu , so as to ensure that 
they have boon assembled into a roalistio struoturo. The rosulto 
of the validation proooduro indioato the capability of the modol 
to simulate the decision proooas of tho individual in a complex 
multimodal situation. The algorithm is q.ul'bo sonsitive and 
also flexible enough to incorporate alternative dooision processes. 



xxvii 


Programming Model for Oombined Ucip Distribution and Aaoignment 

An attempt ia also made in this study to dex’ive models 
that combine trip distribution and traffic assignment into a 
single stage. This model optimizes the eyotom by minimizing 
the total cost of the system as a whole, Tlio main components 
of the model aro ontropy type trip distribution submod(3l for 
each mode, and a system optimized assignmont subnodol. The 
oombined model is solved by using the dooompoaition principle. 
All the constraints of the gravity submodel of the distribution 
problem ere lino^ir oxoopt the entropy oonstraint which is convex 
in the region defined by linear constrai.ntB, 'Tlie fp?avity 
submodel is oalibratod by making use of Davidon-Flotoher-Powoll 
(dtp) mothod of constraint optimization. 

The gravity submodol through on iterative process evolves 
the distribution matrix for each mode within the framework of 
tho oons'broints of the givon trip generation data, the 
generalized coat, and existing extent of ontropy, Tlio 
distribution matrix thus obtained is tho input to tho assignment 
submodol. 'Bio assignment submodel minimizes tho total travel 
oost through system optimization for onoh modo oonsidering tho 
linlc costs ovor tho network. The dual coots obtalnocl fx*om tho 
assignment submodol roplaoo tho gonerulized ooato in gravity 
submodel as foodbaok so as to get the revised trip niatriooa. 
These tvw submodels stop tntorootlng whon no further change 
in objeotivQ function is possiblo. 

Tho assignment model re^uiros alternative paths between 
each O-D pair as an input. In this study only two alternatlvo 
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paths between each. 0-D pair are considered which include the 
shortest travel time path and the one with next higher travel 
time, 'Jiio capacity of each of the linlcs also act as a constraint 
while assigning the trips* The model solution involves largo 
magnitude of core capacity bectixiso of the I'uciuirGmonts of work 
vector, the coeffioiont matrices and resource vector inbuilt 
in the linear progrjanminfi* Tlie available DEG-1090 system is 
not capable of handling the problems of this magnitude. Honoo 
it is decided to oonsidor atnioat 100 significant 0-D pairs 
for agoignmont by the mode]., A strategy is planned for 
identifying 0-D pairshaving significant number of interaonal 
transfers* Iho assignment for theso significant pairs is done 
by the modol* Ir^msforo between other 0-D pairs are assigned 
to the shortest patlis* fho comparisons of the observed and 
simulated froquoncios of trips for each of the travel timo 
groups indicate a close agreement. The simulatod intoi?aonal 
transfer values ore also close to the observed onos. The link 
flows as obtained from the modol are oompared with linic flows 
when trips Jiro assigned only to. shortest paths, !rhu results 
indicate that even for the city of Kanpur, whore not mfmy 
alternative paths ore twoilablo, flows on some of tho linlcs 
do got affected while ojJtimiKing tho systom costs, 

Iho greatest contribution of tho study is that the 
algoritlims evolved are practical for problems encountered in cities 
6f developing countries. Further tho validity of tho various models 
is clearly ostablishod* enhance the aohievomonts of tho 
study, the models may ho further refined and tested for a 
number of oitios* 



1 INTRODUCTION 


1 . 1 BAdCGROUND 

One of the most daunting problems faoed by the oltioo 
is of urban transport. A solution to the transport problem 
must oonaist of a land use pattern, a transport system and 
a set of management polio lea that together bring deraeuid and 
supply into balanoe, both for transport services and for 
thoBo other amenities affected by transport or which oompstfi 
with transport for space, A transport plan is intended to 
taokle tho problem as it presently exists and is axpeoted to 
dovo].op in the future. 

In tho last three decades, planning of urban transport 
has changed dramatically. Until tho mid“l950s, it consisted 
of ostlmating traffic demand by means of simple growth rates, 
Tho mid-1950s saw the advent of largo soalo urban transport 
otudioo. Sciontifio planning, through which traffic) demands 
woro rolatod to land uao and modal choioo, was introduood, 

Tho overwhelming oonoorn of these studios was for tho rood 
user, its 000 ts, travel times, and safety, Tho methods woro 
pionoored in Detroit and Chicago (Detroit, 1955; Ohioogo, 1959 
I960, and 1962), whero tho objoot was almost exclusively to 
provide roads for private transport with little attention tc 
public transport. 

In tho 1960s transport plonning went through an 
ovolutlonary stop known as *big plan* phase in which massive 
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studies aimed to produce continuous oomprehensive long-term plane 
for land use and transport in considerable detail (iPhomson, 1 985). 
The essence of this new method lay in recognition of interaotion 
between land use and transport, and between different parts of 
the transport system. Shortly thereafter mass transit also 
beoaiae a focus of ooncorn, !Ihe later years saw the advent 
of increased concern for sooial and onvironraontol aspects of 
transportation and for involvement of travellers in the dooiaion. 
making process. Tho major thrust of the transportation planning 
study involves tho determination of demand for travol. This 
is followed with an attempt to find those presently available 
or anticipated future transport system whioh could meet tho 

established travol demands in an aooeptablo manner. The travel 
domevnd prediction usually is aocoiuplished by four stop procedure 
whioh uses prodiotod zonal land use values os well as future 
transportation system porfomnmoe ohorooteristios. Tho steps 
srQ> trip generation, trip distribution, mode ohoioo, and 
traffic assignmont, 

Tho ’big Plan’ appro cioh produced some uouful results 
that lod to a butter understanding of tho problom, but it also 
produced inadeq.uato results, some of whioh were Inherent in 
tho method itself. The raodols failed to rafleot realistically 
tho interoctions betwoon land use and transport, response of 
public transport passsngors to changes in sorvioe, and oould 
not produce adequately tho phenomena of oongostlon. The plan 
took a long time to produoo, tended to ignore budget constraints 
ond neglected the role of demand management as on alternative 
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to investment, From time to time voices have been rfidsod 
demanding that th© 'big plan* approach models should be 
simplified* 'Jliose voioea aro a reaction to tho cost » duration, 
intelligibility and applicability of tho results of tho 
'big plan' models. 

IThe oil crisis of 1973 and the following world-wide 
rooossion tended to change tho attitude toword transport 
planning, Thoro was a fooling that tho 'big plans* wore a 
was to of time and money, attempting tho Impoaslblo by boljig 
too ambitious, without doing what might bo possible, Ihio 
oriticul reaction led to tho 'inoremontal improvement* phase 
in will oh planning was oonfinod to immodlato action and short- 
term improvomonte with strong emphasis on low cost moosuros. 

This approach lofids rapidly to results which o^m be seen to 
bo good at least for a time, but the shortcomings are also 
fairly olear, Transport improvements which appear obviously 
desirable at a time may be ultimately counter productive. 

Moreover short-term plana aro basically short-sighted and fail 
to givo duo weight to long-term Invustmonts. 

1.2 STATEMENT OF TflE PROBIiM 

The urban transport problem is fundamentally similar 
in all large siae cities. The basic oauses are the samo and 
so are many of the oonaeo[UQnoos» There are however differences 
of degree between the oitles of the developed and developing oountrioe 
The oitlos in the developed world have a much greater level of 
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vehicle ownership arid, algo a higher rate of trip generation 
than in the developing eities, still it is the developing 
cities that generally suffer more from traffic congestion, 
road accidents, environmental pollution, ovei'crowdlng of 
public transport, and poor conditions for pedestrians and man 
driven vehicles. Besides these problems it is important to 
determine if the right journeys are made in tho right way, 
sinoo the real test of the system is whether people con obtain 
access to their activities without undue expenditure of time, 
moneyj and effort. Accessibility not mobility is what mutters. 

It may not be true to think that the prooeos of 
urbanJ-zation in dovoloi)ing oountrios is only a repetition of 
what occurred oarlior in tho developed world and could, if 
desired, follow a similar courso. The process is ocourbiiig 
much faster and under different economic and technological 
conditions. Inrgo slzo oitios in a dovoloping country like 
India ore growing rapidly to a size that has no parallel in 
tho developed world. If'ailuro to provide adeq.uato transport 
facilities groat^y increases tho trip durations and coots for 
pussongora, lowering productive efficiency and placing a 
purticularly heavy burden on poorer groups of tho population 
living in peripheral and other oroos of very limited aocoss. 

Travel demand forecasting is a highly important part 
of the urban transport planning process. Its purpose is to 
develop tools for predicting how the transport situation will 
develop in the future under alternative assumptions about the 
factors determining transport demand on the one hand, and 
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changes in transport facilities, on the other. A large number 
of aimx)l 0 and sophistloatod models have been developed for 
various stages of the travel forecasting process. Iheso models 
depend on a high level of oar ownership, a rolativoly homogeneous 
distribution of leind use at low density, require lot more data, 
technical staff and regulatory capacity. These conditions are 
significantly different than those in the cities of dovoloping 
oountries. In largo sizo cities of India with high uncertainty 
concerning future growth, income and land usage, the models as 
produced in developed contrloo are not appropriate. The medium 
to iJarge siz© cities in India have generally lower income level; 
multiple modes of travel 3.ilce bicycle, cycle rikshuw, public 
transport, private motor vehicles; heterogeneous distribution 
of Itmd use at high density; and poor transport facilities. 

Very little work has been done to develop appropriate 
travel estimation models for India. There is inadequate under- 
standing of the transport behaviour in the cities. The factors 
that gonorato trips and which determine raodo choioe among the 
low Inoomo groups aro not well understood find oannot be doduoed 
from oxperionoo in developed oountries. A study of Indian 
aooial structure in rolation to travel habits io neoossory to 
develop the trip generation models. 

Models ore a simp 11 float Ion of reality. Tho planner 
must ooncentrate on those aspoots of the ooraplox solution that 
arc relevant to tho kind of policies ho is studying* In tho 
complex travel behaviour process for Indian cities, there is a 
need to design models based on sound theories and valid 
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statistical estimation procedures. Models cannot bo employed 
without first investigating in detail a particular situation 
under study , the main reason for It: being that 
parameters that remain stable from study area to study area 
have not been found. As a conseduence data need to bo 
collected in each transportation study to calibrate the models. 

1.3 S 0 BJ TI ON METHODO IDGY 

'fhe aim of this study is to develop ays tom of models 
appropriate for Inditan urban structure, will oh, given a 
knowledge of land use, household charoctoristios , and 
available transport facilities could estimate aoouratoly the 
intricate movements of trfiffio on the system by mode, Iho 
models could be used to show what would happen if transport 
facilities ore changed, ond if over time, the land uoo and 
household charactoristioa are altered, 'fhe efficient methodo- 
logies for travel demixnd models oim be evolved only when 
carefully programed basic data related to the existing 
situation of the system are avuilahlo* The models ovelved 
in this study <.vce oalibratod and validated for tho city of 
Kanpur, tho premier induerbrlnl. niotropolis of Wox'thorn India. 

(Three trip production models , namely) zonal regression) 
category analysis j and household regression models ( 

are oonstruoted based on the household survey data. Work 
and education trips are disaggregated into six travel modes. 

Zonal trip production relationships by inodo are obtained both for 
tho work and education trips. Considering the type of house- 
hold data available and with tho aim to oonserve homogeneity 
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within each type of houBOhold, category analyisia ia used for 
trip productions, (The household ia classified in three 
different waya such as family size-income level; family 
size-vehicle ownership; and income lovol-vehicle ownership 
combinations, Hbtisehold rogression approach is a 
combination of better features of zonal regression and 
category analysis, The analysis is directly appliod to 
the basic household data and it operates on tho whole of 
the variability which exists in the data at that level. 

Mode choioo decision models of non-oompenaatory 
structures are mode on the basis of attribute by attribute 
oompariaon of various alternatives. The level of satisfaction 
associated with each of tho attributes perceivod by tho person 
in tho dooision proooos can be evaluated. Those levels help 
in dooision malting. Based on tho oonoopt of dooision thoory 
maximin, maximax, and prodorainont-attribute models aro 
formulatod. The choice of attributos involved in the dooision 
molting is of paramount importanoe. Iho maximln/maximax 
strategy calls for the identif loation of least/highest 
satisfactory alternative of each attribute, and the soleotlou 
of tho altermtivo which yields the highest tninimum/maximum 
level of satisfaction. Prodominant-attributo nodol calls 
for idontification of tho most predominant attribute nooordlng 
to tho generlo importance. Alternative having the highoet 



level of satisfaction for the predomincmt at tri.hu to is 
selected. 

Different designs for disaggregate models have been 
suggested to solve complex interaction processes, but the 
implementation has been highly hampered by tho mo thodo logical 
diffioultios. Simulation of the eoiaplox decision process at 
individual level is attempted in this study. The model 
simulates modal split and trip distribution as an inter- 
oonnectod decision process. The proposed model essentially 
consists of status group, mode ohoiou, and distribution sub- 
models. Individuals with similar constollntions of activity 
constraints are grouped into status groups. The individual 
decision prooess which is stochaatioally determined from the 
doololon profile of hi's/hor status group idontlfios tho mode 
choioo and trip destination. The proposed algorithm is 
sensitive and flexible to incorporate alternative decision 
process. 

An attempt is also made in this study to derive models that 
combine trip distribution tmd traffic asoigrunont into a singlo 
stage. The progromming model ontimiKos tho syatom by minimi King 
the total cost of tho system as a whole. The main components 
of tho model arc entropy typo trip distribut.lon submodel for 

oaoh modo, and a system optimiaod assignment submodol. Tho 
combined model is solved by using the decomposition principle. 

All the oonstraints of tho gravity submodol of the distribution 
problem ore linear except tho entropy constraint which is 
convex in tho region defined by linear constraints . Tho gravity 
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submodel is proposed to be oelibrated by Davidon-Pletcher- 
Powell method of constraint optiml25atlon. The gravity 

aubniodal through an iterative prooess evolves the distribution 
matrix for each mode within the framework of the constraints 
of the given trip generation data, the generaliaed cost, and 
existing oxtont of entropy. The assignmont submodel minimiaes 
the total travel cost through system optiraiaation for each mode, 
oonaiderlng tho link costa over the network. The dual coats 
obtEiinod from tho assignment submodel roploco tho gonuraliaod 
oosts in gravity submodel as feodbaokiso as to get the revised 
trip matrices, 'fliose two aubrnodela stop interacting when no 
further change in objective function is possible. Through 
tho suooeasive solutions of those two submodels, the final 
assigned trips oan bo obtained. 

1.4 ORGAtJISATION OP THE RKPOllT 

(i) Trip production models are reviowod. Zonal regression, 

category analysis, f«id houaoliold rugruaaion models ixre 
callViratod for Kanpur city ( Chap or 2). 

(li) Modo choioo dooision models bExaud on nonr-compensato'ry 
oholoo Eiro reviowod. Maximin, maximax and prodominant- 
attributo models based on dooiaion theory aro formulated, 
(ftio results of models aro analysod and a oomp orison 
is made (Chapter 5), 

(iii) Disaggregato models E3ire reviowod, A simulation modol 
for oombined modal split and trip distribution is 
fomiulatod. The validation of tho modol and assooi&tod 
submodels o-ro presented (Chapter 4-)» 



Trip distribution, traffic assignment, and. combined 
trip distribution and assignment models are reviewed* 
The prograrimiing model for combined trip distribution 
and assignment is formulated* Strategy for model 
application is explained and the results are analysed 
(Chapter 5). 

Study is aummorlzod, conclusions are drawn and 
suggestions are mode for future investigations 
(Chapter 6 ) . 



2 TRIP PROPUOTION MODBIS 


2. 1 INTRORUOTIOR 

Urban transportation planning process incorporates 
the development of a representative trip generation model 
from base year survey data for raalcing forecasts of travel in 
subsequent years. Pour methods are generally used for 
explaining trip generation. The first method called tho 
zonal regroasion model uses tho traditional approaoh of 
multiple regression analysis to explain zonal trips in torms 
of zonal char aotoris tics, The main alternative in reoont 
years has been the category analysis or more generally the 
cross classification of household trip rates (Wootton tvnd 
Pick, 1967)* In view of growing interest in household 
regression as a moans of conserving the essential variability 
of household trip data, tho third approach namely household 
trip modol applies rogression analysis directly to tho houso- 
hold data (Kannol, 1972; Douglas, 1975)* Mio fourth method 
oalled tho individual/p or son trip model (vSmith and Oloavoland, 
1976) also adopts the multiplo rogrosoion atiulysis to oxploin 
tho trip productions based on person trips and charaotorlstios* 
A brief review of the so models is given in tho following 
sub'-s actions, 

2.1.1 Zonal Regression Models 

Those raodols adopt tho approach of applying multiplo 
regression analysis to explain zonal trips in toms of zonal 
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ohaa?aoterisi;ic3* This procedure has been widely employed 
in transportation studies. Zonal trip production models are 
developed using socio-economio data comparable over time 
periods (Ashford and Holloway, 1972). The study urea is 
divided into a number of zones and each zone ia treated as 
one observation. Zonal values for the dependent variables 
are obtained by expanding the trip information from the aomplo 
household surveys into -ferip totals for each zone (Downes, 1976). 

The dependent variable is some moosuro of the number of zonal 
trip ends. Trips may be stratified by purpose at the non-homo 
ond by mode of travel and by household vohiolo owtiorship. Tlio 
indopondont variables oonsidorud inolude the number of persons, 

number of different types of vehicles, income lovol distribution, 
number of omployod persons, and school going children in a zonu. 
Relationships betweon tho dopondont and indopondont variables 
aro obtained using stiuidard linear inultiplo rogrossion toolintques. 
Matrices of linear correlation coefficients for rxll pairs of 
variables are oxsmined and rogroosiona tiro in!:ide on seluctod 
oombination of variables, testing for statistical slgnif iooiico 
and romoving or replacing varlablos as neoossixpy, Tho etatistioal 
quality and gonoral plausibility of tho rolationships and their 
ability to roproduoe the obaorvod quantities ore all taken into 
account in making tho final solootion. 

The advantage of those models are that they aro ablo 
to handle enormous quantity of data, and Immodlate expansion 
of somplo data for calibration ogainst screen lino and other 
chook data, Tho limitations of those models ore that thoro 
are praotical difficulties in applying these results to other 
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aone ayaxieraa, Itirther the equations do not provide an 
exj)lanation of trip gemsration at leveJp lower than the 
zonal aggregate data on which they oro based. 

2.1.2 Category Analysis 

It is a technique bused oii oh^ Vioucehold and its 
char act eristics without entering into statistical problems 
of linear least squares. It is a procedure determining the 
average response or average value of the dependent variable 
for a set of categories of independent variables. Usually 
the average response is taken to bo the average nxjmbor of trips 
mode by a pfirticular oategory of analysis unit (household or 
zone), 'Jho oatogorioa are defined by levels of those oauaal 
variablos which oro supposed to influence trip generation 
(incomo level, vobi-ole ownership, family sisse eto Unlike 
least squares regrossion analysis, category analysis does not 
require the formulation of any mathoraatioal model (Wootton and 
Pick, l967;A3hish Son and Johnson, 1977). 

'Jhe main advantage of thJ.s model over zonal regrossion 
model is that it p^avides an opportunitv for escaminlng tho 
linkages botwoon tho purpose and mode of travel, person typos 
and mobility level of housohnlda. As it is independent of 
zone system tho moan trip rates per household typo can be 
applied to any system of aggregation, 'fho limitation of this 
model is that the subdivision of tho housohold sample into 
many household typos can produce uneven oolX sizes making 
some of tho mean trip rates less reliable than others. 'Xhe 



u 


other drawback of this model is the difficulty of Including 
Bomo measure of accessibility to centres of urban activity 
without involving the zone gystoni and reduoin^j tho flexibility 

of application. 

2.1,3 Household Regression Models 

Household regression is a composite approach to trip 
generation which combines the better features of zonal regression 
and household classification. It provides a linear regression 
equation instead of a catalogue of mean trip rates for different 
olagsoB of household char aotoria tics instead of zonal oharactari- 
atioo. ihe basic characteristics of those models are that tho 
analysis is applied to tho basic housohold data and operates on 
the whole of tho variability which exists in the data. Those 
models oro dovolopod by using the multiple regression toohniquos 
to tho ooraploto sot of sample housohold data for the ontiro 
survey area, Tho indepondent variables genorolly oonsidorod 
oro tho incomo level, vehicle owncrsliip, family size, typo of 
dwelling imit,iuid trip lei'igth (Shuldinor, 196<^; I''luot, Stowers 
and Swodloff, 1969; Ohatter:)oa and Khasnabis, 1973). In 
Bomo studies tho distribution of households is related to 
certain zonal porttnotors «uid the thoorotioal possibility 
functions of the Gramma, Poisson and Binominal distributions 
ore fitted with tho observed data on tho distribution of 
households by income, family sizo, juid the nimber of employed 
residents roapootlvely (Burns, Go lob and Nioholaidia,l976; 

Lerraan and Mosho, 1976), Some models for estimating household 
oharactoristics of a study area ore designed specially for 
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developing a three way claseiflcation of houeeholda based on 
household sisse, annual income, and veliiole ownership 
(Ohatterjee, Khasnabis and Slade, 1977). 

The advantages of these models are that they take 
full account of the variability of the trip data at household 
level and are independent of the zone system. The resulting 
equations are readily applicable to any syatoin of areal units 
and the ecological problems ore also reducod as the aggregation 
lovol has boon brought down to tho household lovol (Floot and 
Robertson, 1968; MoG-arthy, 1969; Douglas and Lewis, 1970. 
Ilousohold-orionted disaggregate modulo wore developed oevoral 
yojiro ago, but the task of forecasting household chortle teristios 
with these disaggregate modolu huvo not reooived much attention. 
This lack of interest may be attributed to tho fact that neither 
tho land use nor transportation plonners have asomod the 
primary responsibility of this task# 

2*1,4. Individ ual/Porson Trip Models 

These modols tvro based on person trips and ohfiraotoristios 
rather than household or zonal chwnotoristios. Traditional 
approach of multiple rogrossion analysis is genorriLly used to 
explain trip productions. In a model (Ohori, 1976) proposed 
for a medium sized Indian city, population is disoggrogated into 
male and femal-o groups. Further tho male population is sub- 
divided into employed, self omployod, school and college going 
persons. The large number of sooio-economio variablos are 
compressed into different basic variables to reflect the 
prosperity, stage in life cycle, mobility, opportunity, and 
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location. It is claimed that much of the information contained 
in these traits oould be characterized by different proxy 
variables such as social status index, age, type of vehicle 
aoceasible and distance to home from Oontral Bi^sinoss District (C3D), 

Bie basic approach taken in the household has been 
applied in an onalogoua way to a trip generation model with 
individual as the basic unit of onifLysis (Lansing, 1968; 3?ordiff, 
1975 and 1977 ). 'Iha logit method for trip generation model 
has boon developed by assuming an individual to make deoisions 
on whether to make no trip, one trip uto.,in a given period 
(Stophor f.xnd Lisoo 1970; Talvitio, 1975), 

Unlike the oaso of disaggregate modo choloo models, 
disaggregate trip generation models have received little 
empirical or thooretioal attention, Further the approach in 
most models is conceptually q.uito different from that tolcen 
in mode ohoice modelling. Whereas the latter is based on 
assumptions of individual behaviour, trip generation is 
usually tliought to bo an activity of the household rather than 
the individual (Oi and Shuldinor, 1962; ICassof luid Doutclimim, 

1969; Smith and Oloaveland, 1976), 'Bie effect of different 
levels of spatial mobility is regarded as an attribute of 
individ\ials which arises as a product of both their individual 
oiroumstanoos (social and economic) and the aocossibillty of 
their homo location to doeired opportunities (Christopher 
Doubleday, 1977). 
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2,1.5 Scope of Trip Productions In the Study 

lb raalce reasonable forecasts of travel in subseqiuent 
years, It is osaential to develop ropresontativo trip generation 
models from base year survey data. Tho Increased urbanization 
of Indian cities has made tho development of tho trip gonoratlon 
models more desirable. lb this date not much research has Vjeen 
done in this direction for Indian cities. It is proposed in 
this study to construct alternative trip production models 
for large to medium sized Indian cities, keeping in mind tho 
availability of limited data. Of tho four models desoribod 
earlier (sub-soctiona 2.1 .1 to 2.1,4) only threo t nan olyt zonal, 
regression models, category analysis, and household rogroasion 
models are oonstdorod for construction, Iho individual/p arson 
trip models aco not analysed because of difficulty of allocating 
household oharactoristica amongst the individuals. Tho throo 
models aro oalibratod with tho household survey data of Kanpur, 
a ma;)or industrial metropolis in tho Northorn India, The 
oonstruotlon of zonal and housetiold models require multiple 
regression teohniquo, Wils technique is very powerful and 
has to bo used in a judicious manner. A brlof summary of 
multiple regression analysis is desoribod in the Section 2.2, 

2.2 MULTIPIiO) llEGR3ilSSI0N ANALYSIS 
2,2.1 Assumptions 

The principal assumptions of regression analysis 
(MoCrorthy , 1969; Neter and Wasserman, 1974; Hutchinson, 1974) 


are- 



18 


(i) the dependent vaoriable is a linear function of the 
independent variables, 

(ii) the independent variables are measured without error, 

(iii) the deviation of the dopondent variable about the 
regression line must be independent of each other 
and normally distributed, 

(iv) the effects of the independent variables are additive 
and it is assumed that these are not oorrelated with 
one another, and 

(v) the variance of the dopendont variable about tho 
regression lino must be tho somo for all magnitudes of 
the independent voriablos. 

It is difficult to ensure that the above bJiisic assumptions oro 
satisfiod in most of the trip goneration studies# Firstly tho 
so oallod indopondont variables in tho regression eciuatlons ore 
not fully independent of each other and some sort of correlation 
oxiats among them* Sucondly many of those variables » atriotly 
speaking, (ire not normally distributod. Further somo of thorn are 
not oontinuouB* Insplto of all the drawbacks tho multiple 
linear regression tOQhniq.ua gained popularity because of its 
easy adoptability to computer programming when handling 
vo].uminous data. 

2.2.2 Model Formulation. 

fho typical multiple linear regression is of tho form 
n 

Y ®=> -I' Tj Uj X{ + 6 

° i=1 ^ ^ 


( 2 . 1 ) 
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where, Y ia the variable under study ajid is known as the 
response or dependent variable and X| ,X 2 , * . . , are the 
variables which exhibit a causal effect on the value of Y 
and ore Imown as the explanatory or independent variables. 

, a^, . . . are the least squares estimators of the unlcnown 
parameters and are known as the regression coefficients, 
is a constant included to represent that portion of tho value 
of Y not explained by tho independent vfiriables. 6 is tho 
error term. 

In a typical regression analysis the given data relates 
to the present day values of tho dependent voriablo Y 
and the Independent variables, X-j , X 2 , . . . . , • The statistioal 

technique of least squares fitting process is then applied to 
determine those values of the regression ooefftoionts a^,ag^,p^^ 
and the constant which beat fit the given data (Uie ot al. 
V377)« 'tho statis’tiool validity of tho model derived through 
multiple linear regression can bo tested by tho analysis of 
variance approach, The multiple correlation oooffiolent R 
indioatos tho degree of association between the dependent 
voriab],© Y and tho independent vnriabloR , X 2 } » It 
varies between 0 and 1*0* the closer it is bo 1.0 the bettor 
the linear relationship. !Che closer R is to 0 tho worse is the 
linear relationship (Bruton, 1975)* The significance of R is that 
its square", the coefficient of dotoimlnation, ia approximately 
the decimal fraction of tho variation in the dependent variable 
Y which is fiocounted for by the independent variables Xj , Xg, • f X^j,* 
The standard error of estimate (SBR) indicates tho degree of 
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variation of the data about the regression line established 
and is used to assess the value of the regression oiiuation 
for prediction purposes. This statistic is sometimes referred 
to as the root mean 3q.uar0 error or the residual standerd 
deviation. It comparoa the accuracy of the value of Y’ predicted 
for the present day situation using the regression equation with 
the observed values of Y which are used to derive the regression 
equation and is calculatod as follows J 

/ 5’.(Y-Y')^ 

SUE = ^ (2.2) 

W 


where, SEE = 
Y 

Y' == 
N 


standard error of estimate , 

observed data used to derive regression equation^ 
value 6f Y calculated from the regression equation» 
total nurabor of obsorvations. 


The standard error of estimate (SEE) is more meaningful when it 
is expressed as a percentage of the mean observed value of the 
dependent variable Y (SEBl), i.e, , 

jl^umerioal I333E 

SEEP « — T— — --_xlOO 

Moon observed vailuG of the dependent variable 

( 2 . 3 ) 

A good equation has a standard error of estimate which is a 
small poroentage of the mean observed dependent variable and 
vice versa. 


liiQ regroaeton sum of squares can be used to give somo 
indioation oonoorning whether or not the model is an adequate 
explanation of tho true situation. The overall E-tost uses 
statistloal inferonoe procedures to test the null hypothesis 
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that the multiple correlation oo efficient la zero in the 

population from which the sample is drawn (Nle et al, 1977) 
SSR/lc 


S' 


mt 

SSE/(N-k:-1 ) 


at k and (N-k-l ) degrees of freedom 

.. (2.4) 




where, SSB. = 
SSB = 
Y == 
k = 
N = 


” 2 

regression sum of squares = E(Y'“Y) > 

2 

residual sum of squares = I (T-Y ' ) » 

mean value of Y. , 

no, of independent variables entered in the equation, 
total number of observations. 


If the value of calculated E at Ic and (JJ-k-l ) degroos of freodom 
is more than the critical value of F at k and (N~k~1 ) degrees 
of freedom even at 0,00l porcent signifioanoo lovol, it may bo 
oonoluded that it is unlikely that the sample is drawn from a 
population in which multiple R - 0, 

The significance of tho regruasion ooofflciont of each 
independent variablo in. a rogr^ossion equation jar,,, ,, is 
indicated by the t - tost statistic. Iho value of t is , oaloulatod 
by dividing the regression oooffioiunt by its otondord orror and 
must havQ a value of at least 2.0 for tho signiflcanae to bo 
established. Indoponderlt variables wliloh have a value of t less 
than 2,C do not have a signifioont rolationaMp with tho 
dependent variable and do not contribute any thing to* the equation. 
[The E-statistio oan also bo used as an alternative measure of tho 
signifioanoe of tho rogrosoloh ooofflciont, of each indepondont 
variable and is the square of ifhe t-value, with dogroo of 
freedom 1 and(N"k-1 ) * All F-ratios should be oomparod to the 
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standard F-dlstribution with degrees of freedom of 1 and (lT-k~1 ) 
at certain level of confidence (Hater and Wagserman, 1974; 
Bruton, 1975; Hie et al. 1977). 

2,2.5 Selection of Best Set of Independent Variables 

Selection of the best set of independent rfarlables ia 
highly essential in multiple regression analysis. A good search 
procedure must be able to handle important inter-oorrolated 
independent variables in such a way that not aj.1 of them will 
be removed. The two methods aro ; 

(a) all poosiblo regressions 

(b) forward stopwiBO rogrossion 

All possible regressions : This proooduro calls for the 
ejcamination of all poBsiblo regression equations involving tho 
potential independent variablos and tho aoloction of tho boot 
oquation. The proooduro is good when the number of independent 
variables are less. If tho number of indepondunt variables aro 
more say p,thG number of possible rogressions are 2^^« This is 
not foasiblo if the number of Indopondont vt\riabloo ore more 
in the modol. 

Forward stopwiso rogrossion: This proooduro io dovolopod to 
oOonomlzG the computational work as oomporod with all possible 
regression approach while arriving at a reasonably good best 
set of independont variablos. In this method it computes a 
soquonoo of rogrossion equations at each step adding an 
indepondent voriablo. The criteria for adding an independent 
variable is deoided on coefficient of partial correlation of 
F value. 
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First the forward stepwise regression method calculates 
all simple regressions for each of the independent variables . 
i*br oaoh of the simple oquations jtho f-statistic for tooting 
whether the slope is zero is obtained by using the equation 

MSR(Xj^) 

MS;b(Xj^) 

Mean square due to regression for independent variable k 



Mean square due to residuals 


( 2 . 5 ) 


The independent variable with the largest F-value/max correlation 
coefficient is the first to enter. If this value exceeds a 
predetermined level, the independent variable is entered* 
Otherwise the process terminates with no independent variable 
considered sufficiently helpful to enter the rogrossion model. 


If is the indepondont variable entered at step 1 , 
the stepwise regression model now calculates all regressions 
with the twQ independent variables , say as one of the pair. 

For each such regression, the F-otatistio is oalonlated by 
using the formula » 


MSR(Xj/%) 

MSE(Xj_,Xic) 


Oooffioiont of Xj^; \2 / 

^ II I I ' T-r- ) *,( 2 , 6 ) 

standard error of 


'fhe independent variable with the largest F is the 
oandidate for addition at the second stage. If this F-value 
exceeds a predetermined lovol the second independent variable 
is added. Otherwise the process torralnates. this way 

the entire prooodure will bo repeated and the process' terminates 
when the F- value for all the variables in the model is above 
the predetermined level. 
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Tliera are three methoda for ooraparin^ the fitted models, 
Ihey are : 

(i) coefficient of multiple determination (11^) criterion, 

(il) mean square error (MSlSp) criterion, 

(iii) total square error (Op) criterion. 

The subscript p indicates that there are p parameters or 
(p-1 ) independent variables, 

Gdeffioient of multiple determination (Rp) criterion; In this, 
the coefficient of multiple determination is comparod to 
solGot the best set of independent variubloa, Tlio drawbook 
of this method is that this value doos not take into account, 
the number of variables in tho model sinoe this va3.uQ goes on 
inoroasing as tho number of indopondont variables incroasos. 

Mean squaro error (MSBp) criterion: This method oonsidoro the 
number of parameters in the model into account through tho 
degrees of freedom* Indeed minimum (MSEp) onn inoroase os 
the number of pararaotors p incroasos, if tho roduotion in 
rosiduol sum of aquaros (SSEp) booomes so small that it is 
not useful to add some more indepoiidunt vwiabloo, Whon this 
method is used the sot of indopondont vfxriablos which miniraizos 
mean square error or a set for which this value is so close to 
tho minimum is solooted. 

Total s<lUQro error (Op) oritorloJU This method is oonoornod 
with the total squared error of the n fitted observations for 
any given regression model* The total squaro error is a 
combination of bias component and a random error component* 
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If there is no bias In a regression equation with (p'-l ) 
independent variables, Op has an expected value of p« Vftien 
0 values for all possible regressions are plotted against p, 

ir 

those I'ogressions with little bias will tend to fall near 
Op " P« \'ilhGn this method is used, the set of independent 
variables that loads to the smallest Op value should be 
seleoted. 

2.3 data OOIhEGTIOiT POR OASD STQDY 

2 . 3 ♦ 1 Dac Icground 

'Jho system of models for transport planning process 
as formulated in Section 2.4 ^md in Chapters 3>4 £wid 5 need 
to be calibrated and validated with the real world data. As 
such the city of Kanpur has been seleoted for this study. 
Kanpur, the major industrial metropolis of the Northern 
India in the State of Uttar Pradesh, is situated on the bank 
of the river G-anges. like other important urban oentros, it 
has acquired great signifioanGO due to increase in population 
(md also of tremendous growth of voriouvS commoi’ci al/industrlal 
aotlvitioo. Urban population has boon growing at a rapid rate 
ospecijfLly In developing countries (World Gunk, 1975)* Kanpur 
city has a population of around 1,7 million (Oonsus, l98l) 
registering a ijhenomenal inorease of 32,4 percent in the 
preoeeding deoado. The population growth along with rapid 
industrialiiaation exerts enormous proseuro on the oomporatlvely 
ill- developed infrastructural facilities and moro so in tho 
transportation planning. 



26 


Ihe surface trajisportation routes in Kanpur city 
account for about 12 percent of the developed area (World 
Bank, 1981) which is very less when compared with other 
metropolitan areas in the country, 'Ihe city road system can 
be approximated to a spider web pattern. 'Ihe road network 
for the city is as shown in Fig, 2.1, Inspite of being a 
major metropolis of Northern India, the traffic on the roads 
is a mixture of several modes ranging from very slow moving 
hand driven cart to the fast moving vehicles like oars, buses 
etc. The roads especially in the core area ore quite nox’row. 
The oore (3roa is very densely populated and even the godowns 
of trade and oommoroo ©stablishraents aro located in the heart 
of the city. Bao middle and outer areas ore reasonably well 
served. 

The public transportation aystom mainly oonstet of cyolo 
rikshaws, buses and tempos. The buses and tempos have very 
limited use due to narrow and crowded roads in the oore oroa. 
They mostly ply on the major roads and conneot the outer areas 
to the Central Business Bietriot (OBD), Carole rikshaw is the 
main mode of public trtaneport inaplto of the fact that they 
are the slow moving vehiolos. The bus trimsit system of the 
city is handicapped by many problems such as mixed traffic 
flow, narrow streets, high poddstrian impodonoo, vory high 
inoidenco of bicycle and cycle rikshaw traffic. The heavy 
influx of slow moving vehicles on the streets has reduced the 
operating speed of automobiles to one fourth of their normal 
speed leading to congestion on the roads* The traffic volume 
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on some of the roads in the core area is so high that the 
vehioles have to move almost in a state of congestion. 

The population and other coramerical and industrial 
activities of Keinpur are oontinuously increasing, whereas 
there has been practically no thinking about the planning 
of the transportation network, 'Lack of planning' concept can 
be said to be major cause of the sad state of the road traffic. 
The poor emphasis on transportation planning con be judged by 
the fact that there is not much information available about the 
existing conditions. Before constructing any model for the 
planning process it is necessary to conduct the studios 
related to the land use, socio-oconoraio oharaotoristios, the 
flow pattern of difforont oatogorios of vchiclos etc, 

2,5«2 Household Survey 

A household survey was oarrlod out In 1978 to oolloot 
information about household oharaotoristios Euid the existing 
travel pattern. The household survey was carried out by Town 
and Country Planning Department of the State of Uttar Pradesh. 

The study was however planned in association with the Indian 
Institute of Technology, Kanpur, 

iho city was divided into 3 cordons based on the land use 
activities and the _ population density. The innermost cordon, 
referred to as the oentrol cordon in this study, describes 
tho core area of the city. This core area is !/ory densely 
populated with lot of trade and comm eri cal establishments 
located in it. This in a way is the OBD of the city though 
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of a much larger size. This area has narrow streets in 
general and the flow of traffic on the major corridors is 
very heavy. The area between the central cordon and the 
middle cordon has low population density oorapared to the core 
area and includes small scale industrial units also. The 
economic level of the residents in this area is also bettor 
than those in the core area. The outer cordon defines the 
boundry of tho metropolis* The area between the outer cordon 
and the middle cordon is thinly populated and the major 
industrial units, and largo educational complexes are located 
in it. As there is htardly any open space available for new 
land use activities in and around coro area, now residontliil 
locations aro also coming up between middle and outer cordons. 

As river G-Jinges is passing on the northern side of the 
city and it con be oro-ssod only nt two plaoes, the development 
of the city is talcing place in other directions only, especially 
on tho southern side. The regions between tho cordons woro 
divided into various zones according to land use, density and 
economic standards. Tho wholo city was thus divided into 56 
traffic zones, 'flio zones ore homogeneons in chJxr actor and 
are shown in Fig, 2.2 and names of the zones along with the 
cordon numbers are given in Appendix I* Tho streets form 
the boundry of a zone. In Kanpur the information related to 
numbor of households, population, and land use ‘activity of an 
area is disaggregated to a level known as a ^OHAK’ or 'WARD* . 
Each of tho traffic zones contains a number of 'GHAKS^. While 
Planning the area of a traffic zone it was seen that a 'OIIAK' 
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l0 not divided between traffic aonea. 

The household survey was carried out only in 48 of 
the 56 traffic zones leaving some zones in the outer area 
duo to various constraints* The survey was planned for a 
5 percent sample size and in all 10471 households were 
surveyed* Die choico of a household to be surveyed was mado 
randomly from the housohold numbers available for eaoh 'OHAK', 

Dig Information gathered from the household survoy 
related to the household ohornctoristics and trip oharaotoristics r 
is as follows i 

Household ohoraoteristica : 

, number of household mombers in each of tho 5 age groups 
(0-4» 5-19, 20-24, 25-59., 60 and above); 

, number of worfaers in the housohold; 

, number of workers in tho household, if iiny, going 
outside tho oity limits for the work; 

» I 

. number, of students in the household stratified into 
primary, seoondry, degree, and vocational oduoational 
levels; 

. number of vohiclos of different types owned by the 
household; 

, monthly household family income. This was stratified 
into 4 gi^oups 

- lowor income level ( < Rs, 300) 

- lower middle income level (Rb, 300 - Rs*1000) 

- upper middle income lovol (Rs.lOOO - Rs,2000) 

- high inoome level (> Rs. 2000). 
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(Drip oharaoteriatiGs 

iflie following information related to the trips made 
on the last worlcing day are recorded; 

. purpose of trip; 

. destination of the trip; 

. trip length stratified into 5 groups; 

- upto 1 kilometer 

- 1-2 kilometer 

- 2-5 kilometers 

- 3 -*5 kilometers 

- more than 5 kilometers 

. time of going and returning for home based trips; 

. mode of travel 

- walk 

- bicycle 

- motorcyclo/soooter 

- oar 

r- bus 

- cycle rickshaw. 

The information relating to regular trips like work and education 
was well recorded, Howovor tho information related to other 
trip purposes liko shopping, rooroational and shopping ©to. 
could not bo fully recorded duo to various constraints, Tho 
analysis of tho household survey is thus ros trio tod to only 
work and education trips. This survey of IO47I households 
produced information for a total of 21437 trips of which 
12485 aro tho work trips, and the remaining 8952 are tho 
education trips, Tho distribution of trips by different 
modes are given In Table 2,1, 
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TABIE 2.1 : DISTRIBUTION OF MODE OHOIGE FOR SAMPLE 
HOUSEHOLD SURVEY DATA 


Mode of 
travel 

Number of 
work trips 

Number of 
education 
trips 

'Total number 
of trips 

walk 

5953 

6844 

12797 

Bicycle 

4967 

812 

5779 

Motorcycle/ 

Scooter 

762 

31 

793 

Our 

93 

13 

106 

Bus 

290 

383 

681 

Cycle 

Rika haw 

412 

869 

1281 


Table indicates that majority of the trips are made on foot 
only. Bicycle constitutes the next highly used mode of 

/ 

travel. 

2,3.3 Travel Time Survey 

Trip distribution, mode choice, and traffic assignment 
models roq.uiro as input the travel timo/travol ooot by mode 
on various linlcs of the notworlc and also for various interzonal 
transfers, This is determined in this study by recording 
the travel time observations on different links. For oaoh 
mode » number of travel time observations at peak periods 
are made and the most probable values aro SGloctod, The 
centroids of the zones are identified find the interzonal 
travel times ore also detorminod. 
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2.4 TRIP PRODUCTION MODELS POR KANPUR CITY 
2.4*1 Introduction 

Development of trip production models involves a 
proper choice of independent variables. This choice is 
sometimes restricted to the variables for which data are 
available. Using the household survey data explained in 
Section 2.3tthreo trip production models , namely » zonal 
regression , category analysis lUnd household regression 
models are constructed for tho city of Kanpur. The individual/ 
person trip model is not analysed because of difficulty of 
allocating household characteristics amongst the individuals. 

for selecting the best sot of independent voriablos 
in tho zonal and household regression models stepwise 
regression method is usod. As the number of indopondont 

vtoiablos in the model increase , the coefficient of nmltiplo 

2 2 
doVermination R also increases. Tho increase in R is very 

fligi\ifioant at tho initioQ. stage and after somotim© tho 

2 

incr^^aao in R is vory little, indicating that tho inclusion 
of thtso indopandeo.t vhriabloa which oontrihuto vox'y 3i.ttlq to 
value of R^ is not economical. Due to tho difficulty in 
fitting Nhe model based on value, it is dooidod to oomp<h?o 
the fittet modol by making uso of MSE critQrla(sub~3eotion 2*2,3) 
and consider tho model with the indopondont variables only upto 
tho point whsro MSE/SSE is minimum. 
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2.4-. 2 25onal Rogre salon Models 

These models explain the zonal trips In terms of zonal 
charaoterlstica . Zonal values for the dependent travel variables 

are obtained by aggregating trip information from the household 
surveys into trip totals for each zone, Thu trips are spool-' 
fied by purpose into two broad oatogorios, namely, work trips 
and education trips. Trips by other purpose are not analysed 
because of limited information availablo from household survey. 
Trip production relationships are developed firstly for the 
total zonal trip productions. The zonal trips are disaggrogatod 
into six different modes of travel and zonal trip production 
relationships ore also obtained for these, Tlio indopondent 
variables, the choice of whioh depend on the type of data 
available, oonsiderod are: 

(l) total number of persons in the zone (TINP) j 

(ii) total income level for the zone (TIG) -this is the 

weighted sum of the household income levels; 

(ill) number of private cars owned in a zone (TO); 

(iv) number of two wheelers (motoroyoleo/scooters ) in a 
zone (®10); 

(v) number of bicycles in a zone (TBG); 

(vi) total distance travelled by the trip makers of the 
zone (TTl) - this,liko tho total income lovol for 
the zone, is weighted sum of the trip lengths. 
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!I?wo seta of zonal regression equations ar'e developed. In 
one only the first five independent variables ore included and 
in the second all the six variables {Jre included, !Qie dependent 
variables considered for the trip productions are : 

(i) Work trips 

, total productions with all modes combinod (TWM)j 
, productions by each mode i = 1,2, .,,,6) 

(ii ) Education trips 

, total productions with all modes combined (TEM) 

. productions by each mode (liMjL, i “ 1, 2 ,,,.,, 6) 

Zonal trip productions : 

Relationships for the zonal trip productions by work 
and education as obtained by stopwiso regrossion method ore 
given in fable 2.2, Ihose relations indicate that 98 percent 
of the total variation is explained by regrossion for work 
trips in both equations. Eor education trips the percent of 
total variation explained is 94 tc 96 percent , Such a high 
value of multiple correlation ooeffioiont indicates the good 
validity of the models, fttie number of zonal work trips 
inoroasG with the zonal populaul»>n iionul inoome level 

(flO), and the number of different types of yohiolos owned 
in the zone. However the number of zonal work trips roduoo 
with Inoreaso in the zonal trip length (ffli), ^Ihis appears 
to bo logioal as in zones located away from OBD, the average 
trip length is generally more and increase in the zonal trip 
length may not significantly affect the zonal' trip productions. 
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Each peraon. increase produces 0,2 trips by both the 
relations. Addition of a oar results in 1.4- to 1,63 zonal 
work trips. The value of the regression coefficients for 
other types of vehicles, namely bicycles and motoroyoles/scootors 
is quite low, but as the number of those vehicles owned in a 
zone is very high compared to the oars, they contribute signifi- 
cantly to the total work trip productions. Increase in house- 
hold income levols also increases the work trips. This may be 
because in some households there are more than one worker and 
tho entire family income level is recorded. The regrossion 
coefficients for tho oduoation trips indicate inoroaso with 
zonal population (TUP) and number of vehiolos of difforont typos 
in a zone. However there is decrease in the education trips 
with tho inoroaso in zonal income level (TIO). For a typical 
industrial city of Kanpur this appoax’S to bo quite logical as 
households with low/lower middle income levels generally have 
largo family sizes and hence more nmber of school going 
children, 

!Iho statistical validity of tho trip production analysas 
is assossed by considering tho st/mdfiird statistical toots bosidos 
tho multiple correlation coefficients, Tho sttuidord error of 
estimate is used to assess the value of regression oq.uation 
for prediction purposes- This estimate is more meaningful 
when it is expressed as a peroontage of the moan observed value 
of tho dopondont variable (Bruton, 1975). Tiible 2.5 indicates 
that tho standard orror of ostimato is only 10 poroent of the 
moan work trips , whereas, it is 16 to 19 percent of tho moon 
education triiJS, The size of tho regression constant in 
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^elation to the mean observed value of the dependent variable 
is q.uite low indicating the reasonableness of the regression 
relations. 

The F-ratio statistic is used as an overall measure of 
significance of the regression coefficients and it is the square 
of the t-valuQ with the degrees of freedom k and (N-k-l), The 
P-rati 08 obtained from regression relationships and the values 
of the 5'~statistio at k and (N-k-1 ) degrees of freedom at 
0,001 percent signifioanoo level are given in Table 2.3* 
Reference to the F-diatri button indioatos that the probability 
of getting an P-ratlo greater than the value obtained is loss 
than 0,001, It may be concluded that it is unlikely that the 
sample is drawn from a population’ in which multiplo correlation 
ooefficiont R > is equal to zero, lliese tests indioato; the 
statistloal validity of the trip production relations. 

T 

Zonal productions by individual modes: 

The regression relations for work trip productions by 
different modes as obtained by stepwise regression prooedure 
are given in Table 2,4* Two seta of I'ulat ions, one excluding 
zonal trip length (TTIi) as indopondont variable, and the other 
including it are obtained. The percent of total variations 
explained by regression is quite high, generally betwoen 83 to 
93 percent, though in one oaso it is only 64 percent. It is 
further noted that the multiple correlation coefficient is 
higher when zonal trip length (TTIi) is also included as an 
independent variable. It is only in one case of dependent 
variable (WMg-'Work trips by* cycle rifcshaw), that the independent 
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variable of zonal Income level (fIG) and the zonal population 
(TNP) do not enter the regression equation whereas all 
independent variables get inoludod in the other dependent 
voriablos. This signifies that the choice of the indopendont 
variables is quite appropriate. Further the zonal work trips 
produced by bus (WM^) docroaso with incx*easu in number of 
oars in the zone, Ihis is quite logical as increase in number 
of cars distracts people from using public transport. Another 
significant observation is that increase in number* of motor 
oars moke a positive contribution to the work trips by walk, 

Ihis may be beoausu for short trip lengths people aro attrootod 
to walk to place of work inspito of the availability of the 
motor car duo to high cost of fuel. The number of oars and 
motorcyolos/scootors also moko a positive contribution to tho 
work trips by cycle rikshaw, Ihis strengthens the above 
arguoraont that people owning cars are attracted to other 
public modes of transport due to high coat of operation of 
private vehicles and further duo to congested flows on the 
oity roads* The number of bicycles make a negative contribution 
to tho oyolo rikshaw trips, as any one owning a bicyole will 
not bo attracted to cycle rikshaw as tho two modes are having 
the some level of servioe, 

Hie regression equations for education trips produced 
by different modes of travol are given in Table 2.5, Tho 
variation explained by regression is between 80 to 92 percent 
for the education trips performed on foot:, bicyole »and oyolo 
rikshaw. Those three modes contribute a major portion of tho 



saaow TvncriAicDii ie SKoiioxiGOHa; am j^ohtdiigih: moz Hoa seohottse : 5*2 sects 


44 


O CO .H cvj 

<D o d 
p.| +3 t> 


'T I 

rH Cu O 


D— 


cn 

\D 

0 

00 

LPn 

in 

VD 

(Ty 

o> 

ou 

cn 

cry 

QO 

00 

VD 

r- 

• 


« 

m 

• 

• 

0 

0 

0 

0 

0 

0 


o 

+ fh ' 

to 


hi 

c ? 

fl CH 
1 ^ to 
C- K' 

s 




H 

• 

0 


0 

0 

0 


CM 

OJ 


P-i 

0 

*r- 


« 


0 


8 

• 


<y\ 


0 


0 

+ 

• 


0 


CM 


9 



0 

0 

0 

* 



• 


0 


\ 

CP 

0 

1 


0 

CJ) 


0 


Pn 

1 

IM 



0 

0 

1 


GbI 

0 ^ 
m 



CM 

0 

1 

Dd 

fH 

in 

Rj 

0 

GH 


c^ 

0 


» 

Pr\ 

cn 

CM 


« 

• 


* 

V- 

0 

cn 

• 

tfi 


MO 

0 

0 

0 



VO 

CD 

0 

T-* 

T**- 

V” 

+ 

cn 

0 

+ 

a 

9 

'h 

8 

-f- 

8 

« 

H- 



0 


0 

0 

« 

C 3 

0 

0 


0 


« 

C 3 


0 

SI 

« 

0 

ni 


11 

0 

IM 

i 

i^i 

1 


0 

OJ 

FH 

MO 

&; 

1 


CM 

0 


t- 

0 

1 

T" 

» 

in 

0 

0 

CM 

« 

• 

• 

dM 


tn 

CM 

pi 


4 


0 

CO 

0 

0 

0 

■« 

0 

Q 

^ 4 - 

0 

* 




9 




T 

m 

1 



1 

* 4 ' 

0 

+ 

1 

It 


11 


11 


II 


II 


II 

•«— 




CM 


CM 


m 



a 


a 


a 


a 


n 


a 


- ^ 


l^d) 

OH o 
■POO 

^ 1 =^ o 

SOM 


+0.0100510 + 0.0061030 + O.OO 36 ITL 





CM 


o 

O 


o 




to 



iv- 








VO 

LO 


VD 



Lr\ 

• 


• 

• 


• 




O 


o 

o 


o 




LO 


CO 

[>- 


Q 



"3- 

cr\ 


CTv 

LO 


O 



c- 


t- 

C-- 


00 




m 


• 

■ 


• 




a 


o 

o 


o 







o 






o 











o 







VJD 


CH 

c-- 


o 






tv ^ 

to 


cl 




• 


T- [H 

• 






o 


« Ch 

o 


LO 






o to 



to 




h 



•f 


* 




z:> 


'■ 8 

o 


o 




fe] 


c> o 









H * 

IrH 






in 


H O 

to 


o 




CM 


CM 

8 


fH 




o 


O I' 


-4- 




o 


O 

O 




1 


« 

o 

. O 

• 




1 


o 


^ (?) 

o 


o 




•^- 

& 

i- 6 
CM 

■h 


1 





o 

o 

Pj O 

R o 

g 


o 

GH 

frl 



E-l 

• 

Trl • 

Ih 






LO 

o 

to o 

m 


VO 




a> 



LO 


VO 

m 



o 

1 

S ' 

o 


o 

o 



o 


o 


o 




o 

o 

o o 

« 


* 

+ 


to 

« 


* 3 

o 


o 



's_.» 

o 

FH 

O PH 


O 


o 




CM 

^4" 

1 

rn 

1 

EP 



1 

CM 

1 CM 


(H 

C-f 




O 

O 

CM 

c^ 

■<cl- 

o 



CTi 

O 

to O 

VO 



to 



MD 

m 

8 o 

• 

o 

« 

o 



to 

o 

VO 

« 

to 

• 



• 


« 

to* 

9 

LO 

o 



o 

f 

O 1 

i 

T 

1 

1 



II 


11 

II 


II 







fT 




• 









« 









• 









1 

CM 



CM 



CM 




















p 









o 


1 







0 


















CM 




* 





(D 









H 





s 





t— 

Co 



3 






O 








4-5 


o 

o 

t— 

ir^ 

l>“ 

00 

• 

« 

o 

o 

00 

o 

c^ 

to 

00 

cn 

• 

• 

o 

o 


o 

c? 

p 

(Fl 

to 

'"J" 

LO 

CM 

• 

« 

o 

o 



1 

+ 



o 

o 


bH 

(M 


to 

to 

CM 

OV 

O 

8 

• 

o 

m 


o 

1 


tH 

+ O 


rp 


m H 

F-l op 

g o 

CM O 

iFi 

-b - 

^ • 

Q o 

CO o 

O , 

o . 

• + 

O 4* 

O ^ 

« 

o 



i P 

T“- CT^ 

LO 

VO to 

^ LO 

• O 

t> • 

CM * 

* 9 

CM O 

00 ^ 

1 1 

II 

II 

so 

VO 



T— 

CM 



cd 


0)^ 


H W 









46 


total education trips. For the education trips performed by 
oar, bus and two wheeler (luotorcycles/soooters ) the variation 
explained by regression is between 50 to 60 percent which 
appears to bo reasonable considering the small saraplo siae of 
the dependent variable. It is observed that tho independent 
variablej noinoly, nuinbor of private oars owned in a zone (HC) is 
not included in tho education trips perforraod by bus and cycle 
rikshaw. 'Ihis is quite logical as even in work trips there is 
no positive contribution by this variable, Tho zonal population 
(tup) makes positive contribution in case of oduoation trips 
performed on foot , whereas, it makes no significant contribution 
to trips by other modes, Inox'oaso in population of low/lower 
middle income zones genoratos education trips mostly of school 
going ohildren. As the primary and secondry schools ore generally 
located in close vicinity of the large residential locations, 
these trips are generally performed by ohildren just by walk, 

Tho zonal income level makes a negative contribution to the 
education trips by walk, whoroao ,it behaves othorwiso for other 
modes, (Uiis is beociuse with inoroasod income lovol ohlldron 
got attracted to other modes. It may also bo noted that tho 
inolusion of zonal trip length (TTTj) iiioruaoos the validity 
level of the equations. 

V/hen the mean observed value of the dependent variable 
is large, the standard error of estimate for a regression equation 
is only a small percent of the moan observed value, Hiis is 
clear from Table 2,6, Tho standard error of estimate is a largo 
percent of the observed value whon tho observed value of tho 
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dependent variable ia rather very small, P-ratio atati sties 
given in Table 2. 6 show that the probability of getting an 
P-ratio greater than the value obtained is less than 0,001. 

It is thus unlikely that the sample is drawn from a population 
in which multiple correlation coofficiunt R is equal to aoro. 

Discussion 

The regression equations constructed for homo 
based work and education trips arc statistically quite 
reliable as is evident from the tests. As these types of 
relations have not boon attempted before for large and medium 
sized cities of India, an assessment of temporal stability 
oould not bo attempted. When 0-D survey data are available for 
later time periods it will be possible to conduct teats of 
stability. 

Zonal regression is simple, as the travel data is 
aggregated and made quite manageable, Agfjregation of the data 
makes it smoother than the original ono. Tliis may exhibit a 
misleading high level of correlation botwoen the variables, 
Aggregation of data also Implies homogeneity within the zones, 
Zonal equations do not provide on explimation of trip production 
at levels other than the zonal aggregated data on whloh they 
are based, 

2.4,3 Category Analysis 

IiOok of homogeneity within the zones has encourogod 
researchers to adopt original or disoggrogatod data at household/ 
person level for trip generation. When household is talcen to bo 
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the behavioural unit, eamplo houaeholds ai’e classified by 
type to conserve homogeneity within types* Each type of 
household is charac tori zed by its moan trip rato. This 
technique known as oategory or cross classification analysis 
is also being used for trip attractions. 

An attempt has been made in this study to perform 
category analyses of the work and education trip productions 
for the city of Kanpur. Oonsidoring the type of household 
data available and with the aim to consorvo homogeneity within 
each typo of household, a household is olasaifiod in throo ways 
into the following subgroups. 

(i) ii’amily size classification 

The size of the family significantly affects the 
trip productions. The household is divided into the following 
four subgroups : 

, family up to 4 members 

. family with 5 members 

, family with 6 members 

* family with more than 6 members 

(ii) Income level olatjoification 

Pour subgroups of this typo arc ; 

. low income group 
, lower middle income group 
. upper middle income group 
. high income group 

Household survey has oonsiderod only those four groups and 


they ore adopted as such 



(iii) Vehicle ownership clagaification 

The number and type of veliicle in the household 
affects the trips produced by different modes and also to some 
extent the total trips produced. Preliminary analysis of the 
sample data is done to investigate tho distributions of the 
vehicles owned. Based on that analysis tho households have 
been classified into tho following eight subgroups of vehicle 
ownerships : 

• no vehicle 

. bicycle only 

• motorcyclo/soooter only 

. oar only 

• bicycle and motorcyclo/aoootur 

• bicycle and otn: 

, raotoroyorle/scooter and car 

. bioyclo, motorcyolo/scootor and oar. 

The cross classification of tho households have been done in 
three different ways, each in terms of tho following two varlabloa 

(a) family size - income level 

(b) family size - vehicle ownership 

(o) income level- vehicle ownership 

These three classifications have been ohoson to study tho 
variations in each stratification. All tho households interviewed 
in the travel survey are sorted into one of tho oells in each 
classifioation. The number of trips produced by the households 
in a oell and also tho number of households in a cell aro 
summed up and the trip rate for each coll is establishod. The 
category ano^-ysis of tho total trip productions (including work, 
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and education tripa ) by each of the above thro© mentioned seta 
are given in Tables 2.7 to 2.9. 

Table 2.7 and Fig. 2.3 of family size income level 
olassif ioation indicate that the household trip production 
rate increases with the size of the family, Biis is quite 
logical because a large family produoca more work and education 
trips, Itirther in a particular family size the trip production 
rate also increases with inoomo level. This may be because the 
total household income is recorded in survey. When a household 
has more than one worker, tho recorded income level goes up 
and tho work trip productions also increase • In case of 
individuals having high income level, the work and education 
production rate ore goner al.ly else higher. Table 2.8 and ]rig,2.3 
of family size - veliiolo ownorsliip again establish that 
increased number of persons in a household increases tho trip 
production rate. Further the number ond typo of vehicles owned 
by the household also oontribute to trip productions, Houso- 
holdshaving no persona], vehicle produce minimum trip rate. For 
the households having one personal vehicle, the typo of vehicle 
does not signifioant3.y affect tho production rate. Household 
with two or more vehicles produce highest trip rate. Diis 
category analysis closely resembles with the trend in the previous 
category of family size - income level because tho inoomo level 
and type of vehicles owned are highly correlated, 

Trip production rates for inoomo level vohiole ovmor- 
ship category are also analysed in Table 2.9 and Fig, 2.4* la 
this category some cells of the matrix have insignif leant numbers. 
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lABIiB 2,7 : IIOUSEHOU) DAILY TRIP PRODUCTION RAT33S POR 
FAMILY SIZE - INCOME LEVEL CATEGORY 


I ncome 
level group 

Family size (number of members) 

upto 4 

5 

6 

more than 6 

Low Income 

1 . 1 87 ^ 

1.953 

2.310 

2.760 


(56260)*-*- 

( 11500 ) 

( 7300 ) 

(el 40 ) 

lower middle 

1.570 

2.430 

2.830 

3.340 

income 

(52880) 

f^1740) 

(18480) 

( 25540 ) 

Upper middle 

1.930 

2.644 

3.050 

4.170 

income 

(2080) 

(1 180) 

(780) 

(21 20 ) 

High income 

1.690 

4.000 

3.250 

4.360 


( 520) 

{ 160) 

(160) 

( 500 ) 


Trip production rate for population 
** No. of households in the population. 
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TABIiE 2.8 : HOUSEHOLD DAILY TRIP PRODUOTIOU RATES FOR 

PAMIIY SIZE - VEHIOLB OWNERSHIP OATBUORY 


Vehicle 

Ownership 

Pamily 

size (niunbor of members ) 


up to 4 

5 

6 

more than 6 

No vehicle 

1 .195* 

( 54240 

1.880 

(9480) 

2. 120 
( 7000 ) 

2.800 

(9680) 

One vehicle 





Bicycle 

1.530 

(50260) 

2.410 

(21220) 

2.870 

(16900) 

3.400 

( 22340 ) 

Motorcycle/ 

scooter 

1.620 

(4840) 

2.320 

(2080) 

2.450 

(1500) 

3.110 

(1880) 

Oar 

1.474 
( 580 ) 

2,600 
( 100) 

- 

4.500 
( 40 ) 

Two vehicles 

Bicycle and 
raotoroycle/ 
scooter 

2,600 
( 100) 

2.800 
( 100) 

3.000 
( 80 ) 

3.600 
( 100) 

Bicycle and 
oar 

2.100 

( 1700 ) 

3.040 

(1480) 

3.450 

(1060) 

4.170 

(1800) 

Mo tor cycle/ 
scooter and 
oar 

2.000 
(200 ) 

3.800 
(100 ) 

4.000 
( 60 ) 

3.200 
( 200 ) 

Three vehicles 

BloyolOfinotor- 
oyclo/scootor 
and oar 

- 

3,600 
(100 ) 

3,200 
( 100 ) 

4.380^ 

( 260 ) 


* Trip production rate for population 
** No, of houBoholds in the population 






TABUS 2.9 : HOUSEHOLB DAILY TRIP PRODUCTION RATES POR 
INCOME LEVEL - VEHICU3 OWNERSHIP GATBCORY 


Vehicle 

Ownership 

Income level group 


jlow income 

1 

lower middle 
income 

Upper middle 
inc ome 

High income 

No vehicle 

1 . 300 * 

1 .860 

2.540 

2.400 


(44920 

(34200) 

(1000) 

( 200) 

One vehicle 





Bicycle 

1 .830 

2.490 

3.260 

2.500 


(370 20) 

(70500) 

(1 56 O) 

( 240 ) 

Motorcycle/ 

scooter 

1 . 570 
(920 ) 

2.120 

(7860) 

2.640 
( 1380) 

3.130 
( 140 ) 

Car 


1.750 

2.080 

2*330 



( 240) 

( 240 ) 

( 60 ) 






Bi cycle and 
motorcycle/ 
scooter 

- 

2.860 

( 140 ) 

2.620 
(160 ) 

4.000 
( 80 ) 

Bicycle and 
car 

2.320 

3.160 

3.540 

3.000 


( 380) 

(4060) 

(1360 ) 

( 240 ) 

Motorcycle/ 
scooter and 

*p* 

2,800 

3.000 

3.130 

car 


( 100 ) 

( 280 ) 

( 160 ) 

Three vehicles 





Bicycle, mo tor- 
cycle/ scooter 
and oar 


4.330 
( 60 ) 

2.890 
( 180 ) 

4.450 
( 220 ) 


* Trip production rato for population 
No* of households in the population. 


TRIP PRODUCTION RATE 


i 



FIG.2.4 TRIP i^RODUCTlON^^ R FOR INCOME 
LEVEL-VEHICLE OWNERSHIP CATEGORY 
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Further .as mentioned earlier both the variables are correlated. 

The general trend of trip rates is similar to that explained 
previously for the two oategories. 

Category analyses of the trip production is also done 
seperately for work and education trips and the results are 
presented in Tables 2.10 to 2. I2, Table 2.10 of the family sizo- 
income level classification for work and education trips shows 
that tho household trip production rate increases with the 
inoamo level in oaso of work trips. But tho oduoation trip 
production rate is highest for the lower middle income level. 

The low <md lower raiddlo income level people having largo 
fJimily sizo in a city like Kanpur and hence tho household trip 
rate is highest . Tho family sizo-vehiclo ownership olassifi* 
cation for work and education trips ore shown in Table 2.11. 

Hero tVio household trip rato incr oases with tho vehicle owners l;il.p 
and is giving highest trip rate when tho vehiolo ownership is 
more. This is quite logical as the increaso in vohiclo ownership 
definitely incrensos tho housoltrold trip rate. Table 2,12 of tho inooi 

level-vehicle ownerBhj.p olasulfication shows that household trip 
rate i nor e as os with tho income level for both work and education, 
trips, This may bo buoause tho households with high income 
level make more trips, '.Vhon there are more number of workers 
in a household, the income level and honco the trip production 
rate inoraasoa. Category analysis is also done of tho trips 
produced by different modos for each of tho trip purpose, 

Tho trends oro of similar nature as for the total trip production 
rato. 
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The trip production rates as estimated for each of the 
category are used to deterrnino the zonal trip productions. 

These trip productions obtained from the models are coraparod 
with tho observed zonal trip productions in Table 2,13. The 
estimated trip productions by the tliree models are quite close 
to the observed values. Ihe variations are generally well 
within i 'to percent and it is higher only when a zone produces 
very small number of trips. These results indicate that 
category analysis oim be applied to estimate trip productions 
for a city like Kanpvu?, 

Discussion 

Gross classification teohniquo provides an opportunity 
to examino the linkages between the purpose, raodo of travel, 
household status and its mobility level. This technique, though 
very simple, leads to a bettor explanation of trip generation 
than obtained from aggregated data. One major limitation as 
observed from this study is the uneven cell size which makes . 
some mean trip rates less rollable th.-m others. It may bo 
tb.XB doairablcj to avoid largo olasslfioation systems. In the 
absence of any" Other household -survey data tomportil- stability of 
category analysis could not be attempted, 

2,4-«4- Household Regression Models 

Household regression approach is a combination of the 
better features of zonal regression and oategory analysis. 

This approach applies regression analysis directly to the 
hoiisehold char act eristios instead of zonal charaoterlstioa as 
is done in zonal regression. It provides linear regression 
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TABLE 2.13 *. COMPARISON OP OBSERVED AND MODEL ZONAL TRIP 

PRODUCTIONS 


Zone No, 

Observed trip 
productions 

Model trip productions 

Modal I 

Model ir 

Model III 

' 0) 

(2) 

(3) 

(4) 

(5) 

1 

1020 

1 180 

1060 

880 

2 

2900 

3520 

3280 

3280 

3 

9140 

9860 

9960 

9360 

4 

9620 

8900 

8800 

9040 

5 

1900 

1500 

1500 

1640 

6 

12340 

1 1580 

11680 

11900 

7 

4040 

4080 

3860 

3940 

8 

4940 

4980 

4740 

4840 

9 

2720 

2780 

2720 

2960 

10 

5900 

5340 

5540 

5840 

11 

4800 

4200 

4200 

4540 

12 

22760 

21440 

21920 

22000 

13 

8520 

7840 

8400 

7780 

14 

20460 

19280 

19720 

19000 

15 

18840 

19820 

19820 

181 40 

16 

, 1100 

940 

920 

940 

17 

5040 

4860 

4620 

5000 

18 

360 

440 

440 

460 

19 

5860 

6680 

6480 

61 60 

20 

14680 

15140 

15240 

14460 

21 

8780 

8980 

91 60 

8300 

22 

3060 

2940 

3200 

2620 

23 

7360 

7260 

7400 

7040 

24 

11540 

11440 

1 1700 

11720 

25 

17780 

16820 

16300 

17040 

26 

1420 

1220 

1120 

1280 

27 

17120 

16880 

17040 

15780 

28 

9500 

8200 

7440 

9000 


oontd. » • . 



TABLE 2,13 contd,,,. 
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(1) 

(2) 

(3) 

(4) 

(5) 

2.9 

15740 

13340 

1 3780 

13280 

30 

3980 

3320 

2980 

3660 

31 

14760 

17380 

16820 

I634O 

32 

1920 

2080 

2032 

2120 

33 

5660 

6860 

67 20 

6440 

41 

291 60 

32020 

32550 

3I76O 

42 

9680 

8900 

9080 

9900 

45 

16500 

16060 

16240 

16480 

44 

4240 

4000 

4200 

4160 

45 

5640 

5280 

5380 

5380 

46 

17320 

1 6800 

17000 

17100 

47 

19240 

17920 

17780 

19000 

48 

9240 

8620 

8340 

9520 

49 

21020 

20600 

20400 

20800 

50 

5120 

6460 

6300 

5880 

52 

1640 

2160 

2000 

2240 

53 

6560 

7440 

7400 

8180 

54 

5080 

5200 

5380 

4900 

55 

3420 

4520 

4420 

4280 

56 

•1440 

1420 

1400 

1880 


NO (PE: 

MODEL I 

FAMILY 

SIZE - 

INCOME LEVEL OA'TEGORY 


MODEL II 

FAMILY 

SIZE 

VEHIOiaS OWNERSHIP 

CATEGORY 


MODEL IIX=-- 

INCOME 

LEVEI^ 

VEIIIOLE OWNERSHIP 

OATEGORY 
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equation instead of a catalogue of mean trip rates for 
different oategoi’ies of households as is done in category 
analysis. The results of household regression are independent 
of the 2 ono system and can be applied to any set of areal units. 
As the analysis is applied to the bfisic household data it 
operates on the whole of the variability which exists in the 
data at that level. 

Household regression anolyais is applied in this study 
for the city of Kanpur to the complete sot of household data 
for the entire survey jrcea, Ihu ohoioo of independent variables 
are girLded by the results obtained earlier in zonal rogroasion 
and household olassifioation. The trip ends are stratified 
into total work and oducation trips and also by all velnioular 
modes as before. The expljuiatory variables that have been 
considered in the household regression method ore: 

(l) family size 
(ii) income level 
(ill) vehiolo ownership 
(iv) trip length. 

These variables are further ntrat’ifiod into various 
subgroups as given below. 

(i) I'amily size? 

• family up to 4- members (Jj'S’] ) 

• family with 5 members (iTSg) 

. fomily with 6 members (FSj) 

. family with more than 6 members 
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(ii) Income level: 

• low inoome group (IG^) 

, lower middle income group (IG2) 

, upper middle income group (IG5) 

, high income group (IG^). 

(iii) Vehicle owncrahip: 

. no vehicle (v^) 

. bicycle (Vg) 

. motorcyole/acoo ter (v^) 

, oar (V^) 

. bicycle and motoroycle/scootor (Vt^) 

, bicycle and cor (Vg) 

• motorcyole/scooter and oar (V^) 

, bicycle, motoroyolo/scooter and cea? (V0) . 

(iv) Irip length: . . 

• up to 1 kilometer (TL-j) 

• 1-2 kilometers (Tlig) 

. 2-3 kilometers (TL^) 

. 3-5 kilometers ('IIv}.) 

« more than 5 kilometers (TIfj). 

In all there ace 21 independent variables which are 
common to both work and education trips. However it may bo 
possible that sorao independent vi^iablea have consldorable 
influence, somo others may explain the same effect and some 
may have only minor effect. Relationships arc developed by 
making use of the stepwise regression method as explained in 
Section 2.2, by considering all the independent variables. 
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Tho regreasion equations of the difforont typos of zonal trips 
produced as explained by the household charact eristics of the 
zone are given in Table 2,H, 

The equations indicate that not all the 21 explanatory 
variables are included due to the correlations aitiong chem. j’ox* the 
total iwork trip produotiomOilqn. 1 of Table 2.l4)only " independent 
variables belonging to the trip length, income level and family 
size stratifications are included. No independent variable 
of vehicle ownership typo Is included in this equation, 

Howevor the regression equations for work trips by difforont 
modes do include the vehicle ownership variables. The maximum 
of H independent variables are included in the work trip 
production regression equations (Eqns.l to 7) . Education 

trip regression equations ( Eqns, 8 tc H) goner ally include 
more number of independent variables, (9 to 15 ) than 
those for the work trips. Some independent variables do make 
negative contribution in certain oases which irre generally found 
to be logical. The constant term in the equations may be 
regarded as an indication that other significant variables 
should have boon included in the regression analysis. 

Tho regrosalon equation indicates a suffioiontly high 
value of the multiple oorrolation cooffioiente both for work 
and education trips. These values ore significantly highor 
than those obtained by zonal regression. ®ie percent of total 
variation explained by regression is above 90 peroont for work 
trips in all e<luations except one where it is 88 percent. IHio 
percent variation explained by regression for oduoation trips 
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is above 90 percent for five oases and it is only 76 percent 
for two oases. 

Table 2.15 shows that the value of the regression 
constant in all the equations is quite small compared to 
the observed zonal moan of the dependent variables. This 
indicates the reasonabloness of the regression analysis* 

The standard errors of estimate are also a small percent of 
the mean observed values. It is only in those caoos where 
tho moan observed value is quite low that the standard error of 
estimate is a little higher. T'-ratio statistics of regression 
relationships and the value of the f-statistio at 0.001 percent 
signt'fic.-moo level are also g.lven in Table 2.15. Reference to 
tho ]?-di3tribution shows that tho probability of getting an 
F-ratio greater than the value obtained is less than 0,001, 

It may, theroforo,bG concluded that it is unlilcoly that tho 
sample is drawn from a population in which multiple correlation 
coefficient ( R ) is equal to zero, Tliose tests indicate tho 
statistical validity of tho household trip production relations. 

Discussion 

The household regression antilysis haa produoed 
suffioiently encouraging results to bo preferred over zonal 
regression and household classification. This approach takes 
full account of tho variability of the trip data at household 
level and provides a hotter understanding of trip productions 
than gained from mean trip rates corresponding to category 
analysis. 



TABIS 2.15 : S TATIS TIGAIi A^AIffSlS 0 ? H 0 US 3 H 0 Id)- VTOBK MD SHUGATION' TRIP PRODUCTIONS 


o 




•H ^ 

CD 

cr\ 

8 

cr\ 

0 

H" 

m 

cn 

CM 

in 

Ch 

0 


cn 

0 

4 ^-P 0 
M 0 

0 

0 

bn 

0 

CM 


tn 

bn 

tr- 

tn 

0 

CM 

-H- 

0 

u 

• 

« 

• 

m 

« 

« 

« 

• 

» 


« 

« 

« 

« 

1^3 r^i d 

(D 

pH 

H- 

H" 


•M- 

H- 

bn 

'H- 

bn 

cn 

-h 



bn 

-h 

H 0 


■H’ 

m 

VO 

*H- 

0 

m 

cn 

H' 

00 

0 

c- 

cn 

bn 

CM 

rH d 
cd rH 

U d 


Ln 

tn 


LTv 


m 

H' 


in 

0 


CO 

VD 

CM 


• 

• 

• 

« 

■ 

« 

• 

• 

« 

« 

• 

• 

« 

« 


VD 

^r- 

V** 

in 

CM 

00 


0 

00 

0 


cn 

0 

cn 

CD t> 


in 

CM 


CM 

VD 


r- 


in 

-h 



m 

bn 

[> 1 



m 


\— 




br, 






0 fri 


cr\ 







0 








V' 







T— 







(D 

i 
















CD 















“p d 

CDH'^ 













, 


^ d ro 


CM 


cn 

•H- 


CO 

tn 


CM 

cr\ 



m 

cn 

CO (D CD 



cn 

VO 

’T“ 

m 

tn 

m 

m 

CTi 

VD 

1 


00 

in 

- - ^ rt 

u> ‘iH * 1 



m 

« 

• 

« 

• 

• 

• 

• 

1 

‘ '• 

• 


PHh CO 


00 

CT> 

in 


C 3 ^ 



^ 4 - 

T- 


T* 

VO 

M 0 ) tH 

0 Dj'--' 

1 



V- 

m 

in 

m 



tn 




CM 

CO Ph 0 'tH P> 
















Itj M ( 1 ) 

iaiiF3 

cd M -P cn 

+3 1^1 CO 
tn <\) Q) 


rl 

o 

♦r-f -P 

w cd 
o-p 

fea 

O O 
fti o 


nJ 


.0 


+2 

0 ) 
0 ) H 

Td rQ 
^ PI ra 
<U H 

<D <U CU 
Tii t> 


H*® 

Pi CD 
Q) rH 
X) rO 

d cJ 
0 ) w 


I- 

00 

« 

K\ 

t- 


0 ) 

Ph 

I 

u 


OJ o c\J 
o in -T' 


'r- O 

CM o 

CM CM 


00 


VO o ^4- 

CO CO V- 

• • • 

cn K^ bn 

T- CJ> 


VD CD 0> 
m CM CM 

CO d ^ 


in 


CM tn ch 
CM VO CM 

• « « 

OO VO VO 
VD CTi 



VO 

VD 

H- 

Ln 

T- 



Ln 

cn 

cn 

in 

cn 

rh 

bn 

C^ 

C- 

CO 

T- 

0 

CM 

bn 

tn 

VO 


0 

VO 

cn 

* 

m 

9 

• 

m 

• 

4 

« 

« 

4 

4 

4 

• 

4 

tr^ 

0 

bn 

0 

0 


MO 


t— 

C- 

0 

0 

c^ 

Ln 


1 ^- 

CM 

1 

1 

tn 

CM 


Ln 

1 


1 

CM 

J 


I I 


CM 

'f— 


CO 

cn 



0 

T*** 

cn bn 

VO cn 

CM 

0 

% 

VO 


tn 

CM 

i>- 

bn 

Ln 

tn T- 

m 

VO 

CM 

0 

tn 



T*" 

t- 

CD 

tn 

T* 

tn 

Lf^ 

CM 

CM 





m 

CM 





to 

0 ) 


H 




CD 

H 

o 

o 

'H 

.Q 


CD 

rH 

O 0 ) 

o o 

-P o 
Q o 
a CO 


s s 

O Xi 


.d 

•<H 

M 

CD 

H 

o 

o 


CM tn 

i i 


N._> 


CO 

CD 

§ 


cd 


M 


CD 

H 

o 

‘H 


(P 

f-l 

f>.fH 
a CD 

o 

o B 

o o ro 
0 to o 


w 


0 ) cti 

o » 
t>>.M 

fJ-H 

d 


Lr\ VO !a! v- CM to *-[- ir\ vp 


CM tr> ir\ CO t- 


d 

o 

•H 

d woo 

O ft 
d -rl 

2 Cf d 
M -P 


Oh O 


CM tOv 


73 




3 MODE OHOIOE DECISION MODEIS 


3,1 INTRODUCTION 

A number of modal split models have been proposed using 
a variety of statistical techniques, including multiple regression, 
discriminant, pro bit and logit analysis (Warner, 1962; Lave, 1967; 
Lisco, 1967; Quarajnby, 1967; Stopher, 1969), Logit model is 
closely related to economical and psychological theories of 
choice behaviour (Stopher and Meyburg, 1975 ), The mode is 
involve the comparison of evaluation measures which are linear 
combinations of the attributes of choice alter natives# and are 
compensatory in nature because they allow high level of satisfaction 
with one attribute to allow for low levels of satisfaction with 
others (Green and Wind, 1973)* Besides the additive models, a 
number of nonlinear evaluation process models invoiving psrabolio 
and hyperbolic response surfaces have also been formulated 
(Einhorn, 1970; Green and Wind, 1973). 

To identify the behavioural mechanisms involved in 
human decision making process, a number of studies have been 
conduoted by psycho logiets and market researohera. These are 
conoerned with the development of ohoioe models, which not only 
describe behaviour but also attempt to explain the processes by 
which choices are made (Kloinmunt2},1968; Russ, 197 2; Hughes, l974a,b). 
Evaluation process research has produced a number of ohoioe models 
whioh bear little resemblance to those derived from psycho logical 
and economic theo3?y* These decision models provide more accurate 
prediction of consumer choioes than simple odd tive models 
(Eor ester, 1979)* 
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The results obtained in the evaluation process research 
have , however, received very little attention from the transportation 
researchers. This study attempts to explore the use of models 
based on non-oompenaatory choice prooesaes in modal ohoioe. The 
non-compensatory choice processes are made on the basis of 
attribute by attribute comparisons of available alternatives and 
unlike compensatory structures they do not Involve trade-off 
behaviour (Coombs, 1964; MacOrimmon, 1968). Only three choice 
models, namely, meiximin, maxiraax and predominant choice models 
are explored in this study for mode choico decision process of 
the city of Kanpur, As the models are based on decision theory 
approach a brief review of decision theory Is described in the 
following section. 

5.2 DSOISION THEORY 

Decision theory is a study of how to make deoisions 
under conditions of uncertainty (Jones, 1977). The decision 
maker is usually faced with number of unoertainties with 
respect to the nature of the enviroiiinent. Basically the 
amount of uncertainty associated with a problem influences 
the approach used by the decision malcer. If the state of 
nature is known with certainty for each action, tho dscision 
making process is called the decision under certainty. If 
only the probability of each state of nature for each action 
is known then tho process is called decision under risk. If 
a course of action must be chosen without any knowledge of 
the state of nature, then this is deoision under uncertainty. 
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G-enerally some type of information is known about the likeli- 
hood of the occura:-ancoof each state of nature. But in the 
absence of any information about the states of nature, a 
number of decision procedures are available to use. In all 
the decision theory problems preperation of payoff table 
between the events and the actions is very important. SVom 
this payoff table a single numerical valuo is given, to each 
event-action pair i.e.,a row is assigned to each possible event 
that could conceivably occur. A column is assigned to each of 
the action alternatives under consideration. 3?rom the payoff 
table it becomes easy to take a decision, ®io possibility of 
adopting a single numerical value for each event-action pair 
is not a difficult task, A toohnigiio called utility theory 
allows to tolco mapy seemingly nonnumerioal or multinuraorical 
situations and develop for eaoh event-aotion pair a single 
numerical q.uantity that represents the utility of that pair 
to the decision maker. Utility theory can also bo used to 
convert multiple oritoria into a single numerioal criterion, 
Deoision theory problems in general rotlulre: 

(i) the deoision maker has all potential actions known to 
him and he must ohooso oocaotly one of them I 
(li) a list of events (states of unoertainity ) that are 
mutually exclusive and collectively exhaustive con 
bo compiled J 

(iii) to eaoh event-action pair the decieion maker must be 
able to assign a single nvunerioal value to represent 
the oonsoquenoe of choosing that action and having that 
event occur. 
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3i2*1 Concept of Utility 

Utility theoty is designed to take into account the 
magnitude of payoffs in deoiaion problems as well as their 
expected value* It is assuming that the consequences of the 
actions being considered are serious enough so that the 
decision maker can, riot use expected value as a criterion 
for making his decision, Glie decision tree corresponding to 
the problem is then reduced, so that the decision maker is 
left with a choice between several chance outcomes, Therefore, 
ignoring the expected value criterion oomplotoly, the decision 
maker has still been able to develop a method for solving a 
decision problem with the assumption throughout that he is 
willing to accept risk, The type of utility described here 
is oalled cardinal utility. Economists also describe utility 
in a purely relational way which is called ordinal utility. 

This ordinal utility doterminoa which of the two quantities is 
preferred to the other, This also considers the pairwise 
relationships between the two alternatives. The cardinal 
utility expresses not only that one is preferred to another 
but also by how much. 

3.2,2 Methods of Selecting a Best Action 

Maximin approach: The maxirain approach operates under the 
assumption that the worst of all possible worlds is going to 
happen (Parsons, 1974) • It is designed to select the action 
alternative that will result in the most desirable oonsoquenoe 
under the conditions of the action alternative that maximizes 
the minimum monetory payoff* The procedure starts first by 
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determining the least desirable consequence that can occur 
with respect to the action alternatives under consideration 
that is the ininirauin conceivable payoff. Then select as the 
optimal action the action alternative that would cause the 
least desirable consequonco or minimum payoff to be maximized. 

Maximax approach: This approach is based on extreme optimism. 

It operates under the assumption that best of all possible 
worlds will happen and is designed to select the action alter- 
native that will genorato the greatest payoff under the conditions 
of the action alternativo that maximizes the maximum monotory 
payoff. The procedure starts first by determining the most 
desirable consequence that can occur for each action alternative 
under considerationt that is the maximum oonoeivablo payoff. 

Then seleot as the optimal action, the action alternative that 
causes the moat desirable consequence to be maximized i.o.j 
maximizes the maximum payoff. 

Selection 'of • the action alternative with the maximum 

expected monotory payoff : This decision rule employed under 
the criterion of maximum oxpootod monetory payoff is to select 
the action alternative that would genorato the mfAximum avorago 
profit per period if that action alternative were to be pursued 
consistently over time. This criterion is most appropriate in 
repetitive situations, where the action selected will bo 
implemented many times and where the magnitude of the most 
undesirable consequence is small. 
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5.3 MODE OHOIOE MODELS EOR KANPUR 
3.3.1 Introduc tion 

Non-oompeneatory choioes are made on the basis of 
attribute by attribute comparison of various alternatives. 

The levels of satisfaction associated with eaoh of the attri- 
butes perceived by the person in the decision process are 
evaluated. These levels help in decision maJcing, Based on 
the concept of decision theory it is decided rbo develop maxiiain, 
maximax and predominant-attribute models, ©xe choice of 
attributes involved in the decision mxilcing process is of 
paramount importanoe. An individual in choosin^i the mode of 

i 

travel evaluates some raaijor attributes like travel time, 

V 

travel, post etc. , of the available modes .of travel. The 
ohoioe prooessea have to be inferred from observable phenomena. 
The following three appicoaohes are generally used to moke these 
inferences. . ‘ ! 

(i) Experimental approach: It involves the presentation of 

I 

alternatives with the attribute levels detorminod by a 
full or fractional factorial design structure. 

I 

(ii) Analysis of trip makers survey data; In this approach 
the trip makers of different oharaoteristics ore asked 
to evaluate alternativo modes of travel along with the 

' I 

reports of the actual mode ohoioe, 

(iii) Verbalised self reports from thi) do oision makers s The 
reports are used to construct or evaluate simulation 
models of judgement process. 
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.. (3.1) 

K1 

(ii) Selection of alternative.* Identify the attribute 'a' 
having maocimum of the minimum utilitiea[Uj_ j ]and 
select the alternative corresponding to that as 
the mode of travel 

'Ja,j " •• (5.2) 

Bie raaximin model involves the selection of alternative 
^ with utility value such that 

Ugj > Max Min Ic ^ J .. (3.3) 

JL iv 

The decision process of the model is explained 
in l^^ig, 3,1, '.Phere are four attributes ( 1 to 4 )'and four 
alternative modes :(1 to 4 ) . the first step, the 

alternatives having the minimum utility levels for each 
attribute, i,e* U-) 1^2, 2» ^4,3 identified. 

The maximum of the minimum utility level, i.e., 

^ 4,3 ~ Max[u^^ 4 ^, ^3,1> ^4,5^ idontifiod and the 

mode corresponding to i.e., mode 5 is aelected. 

3 , 3.3 Maxtmax Model 

This strategy oalls for the identification of the 
highest satisfactory alternative of each attribute and the 
selection of the alternative which yields the highest maximum 
level of satisfaction. Here also the process oonsists of 
tvra parts*. 
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(i) IdentifiGation of alternative having maximum utility 
for each of the attribute: Using the decision profiles 
of various modea of travel and the attributes, the 
alternative having the maximum level of satisfaction in 
each attribute is identified, let 

^i 1 ~ maximum utility of ith atteibute that occur for 
’ 1th alternative > 

Ui 1 = Max [UjL ic 3 . • (5.4) 

’ k 

(ii) Selection of alternative; Identify the attribute 's' 
having maximum of the maximum utilities and select the 
alternative corresponding to that as the mode of travel 

Ug^l = Max[Ui,J .. (3.5) 

The maximax model involves the selection of alternative 1 
with utility value such that 

U. T > Max Max [U. k 1 ♦, (5,6) 

3>i. £ jj- 

'The decision process of the model is explained in 
Fig. 3»2, Hero also there are foiir attributes with four altorna~ 
tive modes . ’the first stop the alternatives 

having the maximum utility levels for each attrlbuto i.o„ 

^2,2* ^5,1 ^4,2 identified. The maximum of tho maximum 

utility lovely i.o., U2^2 “ C ,4.» ^2,2’ ^3,1’ ^ 4 , 2 ^^® 
identified and the nodo corresponding to ^ 2^2 ’ i.Q.jhodo 2 is 


seleotined 
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3.3.4 Predominant-Attribute Model 

In thia model the attributes are hiorarchioally ordered 
according to their generic importance. This is done by using 
the rolativo utilities of each of the attributes for an alter- 
native , jQie relative utility value for an attributo i of an 

alternative k, is expressed aa 



(3.7) 


For oach altornative the moat predominant attributo is boing 
identified baaed on utility level. In some cages the predominant 


attribute may not be same for each of the alternative f i.o. > 
different alternatives may have different predominant attributes. 


For alternative modes of walk and bioyoloj income may bo the 


most predominant attribute, whereas for travel by cor or niotor- 
cycle/scooter the moat predominant attribute is the ownership 
of the vehicle. The decision process consists of two parts : 


(i) Select the most predominant attribute' p’ for each of the 
alternatives k, (k=1,2,.,.,njjj)as the one with the 
maximum level of satisfaction, i.o., 

'’p.k = **1“ •• 0.8) 

Whore U' , ^rjlativo utility of the most predominant 
P> 

attribute. of kth altbrnativo. This is obtained from- the 
decision profile of various attributes for each alternative. 

(ii) Selection of alternative; Seleot the altornative j 
having the maximum of the utility oorrospondiug to the 
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moat predominant attribute Up,ic each alternative , i , e . 

“ Max [ .. (5.9) 

The decision process of the model is explained in 

Fig. 3.5. the first step the attributes having the maximum 

utility level for each of the alternatives i.e, , 2 » 

uj and sxe identified. The maximum of the moat 

predominant attribute, i,e.,Max[ ^ » U4 2 ’ W 3’ ^3>4^ 

identified and the corresponding node i,o.,nodo 4 is 

selected, 

■3.3.5 Model Inputs 
(a,) Choice of attributes 

For the non-oorapensatory decision models formulated in sub 
suotions 3, 3, 2. to 3.3*4^ the choice of attrihutos for different 
modes is highly significant before estimating the level of 
satisfaction associated with each of the attributes. Basod on 
the available information of mode choice process for ICanpur city, 
the following four attributes are selected for the decision 
process? 

(i ) family size 
(ii ) inoomo level 
(lii) vehicle ownership 
(iv ) trip length 

The attributes (i) and (ii) represent the socio-economic standard 
of the individual. An individual with high income level may , 
opt for a private motor transport (motoroyole/scooter , oar ©to.) 
or an expensive public transport. For longer trips the available 
alternatives are few compared to those available for shorter trip 
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lengths. The decision making process is further highly dependent 
on the type of vehicle ownership and the availability of public 
transport system . Tlie level of satisfaction- associated with 
each of the above attributes are estimated from the household 
survey data ag explained in Section 2.3. Each of the above 
attributes are divided into number of different subgroups to 
classify an individual. These subgroups are given, below. : 

(i) Family size 

« family up to 4 members 
. family with 5 members 

• family with 6 members 

• family with more than 6 members 

(ii ) Income level 

. low income group 
, lower middle income group 

• upper middle income group 
, high income group 

(iii) Vehiole ownership: The mode choice decision process 
depends on the typos of vehicles owned by the family. 

Eight subgroups of vehiole ownership as identified in 
this study are : 

, no vehicle 
« bicycle 

. motoroyclG/scooter 

• oar 

• bicycle and motorcyclo/soooter 

• bicycle and oar 

• motorcyolo/soooter and car 

• bicycle, motorcycle/scooter and car 
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In aituationa when public transit system is available 
for travel the mode choice decision process may be different 
than when it is not available. Two broad groups that have 
been identified are 

(a) accessibility to public transit system 

(b) no accessibility to public transit system 

In each of the above groups all the eight subgroups of 
vehicle ownership are included. 'Ihere appears to be a 
significant need to incorporate the accessibility to public 
transit system as all zones of a typical Indian city may not 
be covered by the public transit oystora. The complete sub- 
groups of vehicle ownership attributes as idontified in the 
decision process models are 

(a) accessibility to public transit system and .one of 
the following vehicle ownership group: 

• no vehicle 
. bicycle 

• motorcyolo/sGooter 

. oar 

• bicycle and motorcycle/ scooter 
, bicycle aaid car 

• mo toroyole/scooter and car 

. bicycle, motorcyclo/scooter and oar 

(b) no accessibility to public transit system ®hd one of 
the following vehicle ownership groups 

• no vehicle 
, bicycle 

, motoroycle/scootor 
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, car 

. bicycle and raotorcycle/scooter 
. bicycle and car 
, raotorcycle/gcoo-ter and car 
• bicycle, motorcycle/soooter and car 

(iv) 'Crip length 

« up to 1 kilometer 
, 1-2 kilometers 

, 2-5 kilometers 

, 3-5 kilometers 

« more than 5 kilometers. 

In addition to the selected attributes, the location of rosidenco 
of an individual also can bo included. 

(B) Estimation of utility measure 

The formulated models call for estimation of the utility 
for each attribute of the various alternativos. Non-availability 
of appropriate data for Kanpur restricted the eatiraatton of 
utility measure in terms of time or cost values. In this study, 
the utility level of an attribute for a particular mode is 
expressed as a proportion, of the trips made by that alternative 
out of the total trips of the conoornod attribute. The relative 
utilities of the different attributes in an alternative U.* . 

X f .K, 

are also estimated from the total trips in the various cells 
of concerned alternative. Mae household survey data is 
aggregated for the whole city and the utility measures of eooh 
of the 29 subgroups of attributes are estimated for all the 
modes of travel. Survey indicated that there are in general 
6 modes of travel? namelyt walk, bicycle, motoroyclG/soooter,oar , 
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4)ua aJOd oycle rilcshaw, a major share of these trips are made 
on foot within the CBI) area over short distances. Ihe non- 
compensatory mode choice decision models are bested only for 
5 modes of travel in whj.ch some vehicle is used and the trips 
on foot are not considered for estimation of utility measures 
and analysis, 

5 . 5,6 Model Outputs 

The full factorial design of the decision process 
involves 4x4-x16x5 = 1'280 decision cells, Bach value indicates 
the number of subgroups for an attribute. The choice of mode 
for each of the cells is mode seperatoly by the tlirea decision 
making processes of raaximin, maximax and predominant-attribute 
models. The number of trip makers in each of the decision cells 
are identified and the total trips by each of the alternative 
modes ore determined. Analysis is carried out for 5 percent 
sample size, 'Jhe number of trips to be performed by the 
alternative modes os per the three models along with the 
observed trips are given in Table 5«^ for work trips and Table 
5.2 for tho education trips. The results obtained from maximin 
and maximax models oomporo well with the observed data^ but the 
results obtained from the predominant-attribute model signifi- 
cantly vary from the observed values. As such tho moat predo- 
minant-attribute model as formulated does not appear to be 
suitable for tho city of Kanpur. This may be attributed to 
the fact that the utility value for each attribute is taken as 
the proportion of trips for that alternative, or it may be that 
the mode choice decision process is not affected only by the 
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moat predominant attribute. It is desirable to teat this 
model for some other cities also to identify the appropriate 
cause for differences. 

■Jhe results by maxiinin model indicate that the highest 
variation between model and observed values is percent 

for the trips performed by motorcyclo/scooter whereas for 
bicycle trips the variation is only 2.52 percent. Another 
highly important observation is that the model trip values obtained 
for bus and cycle rikshaw exactly match with the observed 
values. The mean absolute percontago difference is 6.24. The 
results obtained from maximax model improve upon thoso by 
maximin model the maximum variation being 9.67 percent for 
the trips performed by o.'ars whereas the variation is leas 
than 3.0 percent for other oases. 

The comparison of the trips obtained from the models 
with the observed values as given in Table 3.2 for education 
trips indicate that the maxirain and maximax models give quite 
sensible results, in this case also* whereas the predominant- 
attribute model trips significantly vaiy from the observed 
values. The riaximum variation in maximin nodol output is 
7.69 percent for the trips performed by car whereas for 
bicycles it is only 4.43 percent. An important observation 
is that the value of bus trips obtained from the two models 
exactly matches with the observed ones, whereas in case of cycle 
rikshaw trips, the variation is 4,49 percent for maximin modol. 

The results obtained from the maximax model show that the 
maximun variation is 16,12 percent for the trips performed by 
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motorcycle/scooter whereas the variation is only 1.0 percent 
for bicycle trips* The mean absolute percentage difference 
is 6.79. 

The results explained above indicate that the choice 
models are able to explain the decision process, A major share 
of the trips are made by slow moving vehicles like bicycle and cycle 
rikahaw. To test the choice ajnongst the motor vehicular modes > 
experiments are also conducted on the models by considering 
only three alternative modes namely motorcycle/acooter ^ car , 
and bus. The number of trips to be performed by these models 
are oompaced with the observed values and aro givon in Table 3,5 
for work trips and in Table 5,4 for education trips. It may 
be mentioned that only raaximin and maxiraax models are used for 
decision making process in these oases, 'Iho results indicate 
that the model values ore very olovso to the observed ones in 
these oases also. The variationin ^act is less than observed 
from the previous case when 5 alternatives are considered, 

'IhG results of the study indioatu that non-oomponsatory 
deoision choice models haye a bright future to roprosent the 
mode choice decision process. The aim of this study is of 
only exploratory nature , It is desirable to tost a 

broad range of choice models before adopting one for mode 
choice behaviour. Additional research in tho ohoioo of modal 
attributes involved in travel decisions is also called for, ' 
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TABIiE 3,3 J OBSERVED AND MODEL TRIPS WHEN MOTOR VEHICULAR 

Modes are considered for work trips 


3 ype of 
mods 

Observed 

trips 

( 0 ) 

Trips by 

maximin 

model 

(M.,) 

Percentage 

dil'ference 

Mi-0 

00 / 

Trips by 
aximax 
model 

(M2) 

Percentage 
difference 
—O \ 

^■75“ xlOO-^ 

Motor- 

cycle/ 

Scooter 

' 762 

770 

+ 1 . 04 - 

766 

+ 0.52 

Gar 

95 

85 

- 8,60 

89 

- 4 *. 30 

Bus 

298 

298 

0,00 

298 

0,00 

Mean percentage difference 

= - 2,52 


- 1.27 

Mean absolute percentage 
difference 

= 3.20 


1,61 
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TABLE 3.4 : •PSBRTO AND MODEL TRIPS WHEN MOTOR VEHICULAR 
MODES ARE CONSIDERED FOR EDUCATION TRIPS 


Type of 
mode 

Observed 

trips 

(0) 

Trips by 
maximin 
model 
(Ml) 

Percentage 

difference 

Mi-0 

(-'^“xlOO) 

Trips by 
maximax 
model 
(M 2 ) 

Percentage 
difference 
/Mo-0 , 

(-g — xlOO) 

Motor- 

cycle/ 

acooter 

3l 

32 

-1- 3.23 

32 

+ 3.23 

Oar 

15 

12 

- 7.69 

12 

- 7.69 

Bua 

383 

383 

0.00 

383 

0.00 


Mean percentage difference 

Mean absolute percentage 
difference 


= -- 1.49 
= 3.64 


- 1.49 
5.64 


4 SIMULATION MODEL FOR COMBINED MODAL SPLIT 
AND 'TRIP DISTRIBUTION 

4.1 DISAGGREGATE MODELS 

Most of the conventional forecasting models were 
generally oonoeived using analogies with physical systems with 
traffic flows described in terns of hydraulic or gravity flow 
models. Different model components were not developed from a 
unified framework. Por example, a trip generation model may 
be developed independent of a modal split model, Uxese conven- 
tional models often produce predictions which are oountor 
intutivo , Per example , trip generation models take no 
account of network oharaotoristics while the trip distribution 
models have only travel time as the service attribute (Binder , 
1973; Bouchard, 1973; Cambridge Systematics Inc., 1974)* Those 
models are generally estimated by fitting relationships to the 
aggregated data and express aggregate oorrelations that are not 
based on a logical behavioural specif ioation, Inapito of involving 
costly and time consuming data gathering and computational 

reiuirements, the conventional models are not easily adopted to 
short run planning and transportation system managoraont (MoPEidden, 
1978). Most of the aggregate models oonnot bo used to explain 
why a change has happened or to predict what will happen in tho 
future. Obsorvod aggregate correlations do not adoiuatoly 
explain the underlying oquso and effect relationships. 

Travel demand is a complex behavioural process. To 
produce valid policy sensitive forocasts brhavioural model based 
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on sound theoties o.nd valid statistical procodures arc required. 
'Jlie basic concern of the travel demand modelling ia the trip. 
Each trip has an origin and destination. It also involves the 
number and characteristics of each of the traveller's mode, 
route, frequency, destination, timo of travel, puiTpose etc. 
(Warner, 1962; lisco, 1967; have, 1967 ; Mc&illivray, 1972; 

Charles River Associates, 1972; Peat, MarWick and Mitohell,l973) • 
The process of aggregation inherently loses this information, 
Itavel is a very disoggrogato process and therefore raw data 
concerning travel is typically disaggregate. Substantial 
progress has been made to develop, and implemont travel demand 
forecasting methods which ore behavioural ly sound and polioy 
relevant. The resulting behavioural disaggregate methods 
expand the policy sensitivity of forecasts. Those methods 
are baaed on a unified conceptual fromework and travel demand 
ia generated by individual choice behaviour and more specifi- 
cally generated by maxlmizotion of preferences or utilities 
(MePadden, 1978), 

Disaggregato forecasting is an approach or system for 
building models and it can provide the planner with the method 
of dealing with a variety of problems as they occur, A nia,jor 
advantage of disaggregate models is that they allow the planner 
to address questions such as the demand for a new mode, which 
are otherwise difficult to answor in a conventional fromework* 

In disaggregate behavioural choice theory the individual is the 
basic decision making unit choosing from available alternatives 
the most desirable, ttio choice depends upon the oharacteristios 
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of the individual, A complate definition of a transportation 
alternative for an individual includes total pattern of travel, 
location of residence and ^ob, number and type of vehicles 
owned, frequency of different trip purposes, scheduling of trips, 
mode choice, and route choice, Itavel demand models generally 
concentrate on certain dimensions of travel behaviour. Dis-^ 
aggregate models aro typically probabilistic over the ohoices 
addressed by the models (Ben-Akiva, lorman, Manheim, 1976) » 
i,e, , each choioe is predicted with some probability instead 
of with certainty , Since the models consider invidual decision 
malcer, the distribution of the impact of a ^iven policy can be 
determined. In aummary> a disaggregate behavioural model is 
specified by forming a concrete individual utility function, a 
probability distribution of the unobserved variables and a share 
of each market segment in the population. 

5116 use of disaggregate models is more flexible and 
adoptable than conventional aggregate models; they are easier to 
use, and can be used in more applications and in wijys that are 
more policy rosponsivo (Lerman, 1975; Lerimn and Ben-Akiva, 

1975 ). Models that have been initially developed for urban 
passenger planning related to work place choice, mode to work, 
mode fornonwvork trips, frequonoy fornon-iwork trips; doBtini:u- 
tion choice forncn-^work trips, and time of day for non- work 
trips (Paul 0, Roberts, Jr. 1978). Some raodols which oan be 
used to make joint or simultaneous choices related to joint 
auto owners hip/mo de choice to work, joint frequenoy/destination/ 
mode ohoioe for shopping and socloreoreational travel (Ben-Akiva, 
I 974 )) joint froquanoy/destination/mode choice for week end 
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travel (Lerman, 1975), and joint residential locatlon/houaing 
type/auto ovmorship/choioe of mode to work ( Ben- Akiva and 
Mler, 1975 ). 

A system of models have been developed in a joint 
research of Massachusetts Institute of Technology and Oaiu bridge 
Systematica, Inc, (Ben-Akiva, lerman and Manheim, 1976). Hio 
models developed in this research share a common set of charac- 
teristics both in their theoretical understanding and their 
implemontation. The aignificatnt coramonalitios are individual 
choices, explicit behavioural theory, explicit treatment of 
multiple dimensions of choice, and valid estimation methods. The 
disaggregate models havo also boon apYilied for a number of 
oities of U.S.A. The disaggregate modelling approach is issue 
oriented, easily tailored to the problem, flexible in use of 
both ahort-rimge os well as long-range planning problems, and 
policy sensitive, 

4.2 OHOIOE OB' SIMULATION mil DECISION MAKING PROCESS 

A travel demand model is concerned with decisions which 
result in trip malting. These decisions are at household and 
individual levels. There are some other choices which are 
interrelated with actual trip making choices and it is difficult 
to seperate the two. For example the choice of residential 
location is not a trip maJting decision in itself. But the 
combination of a workers employment location ohoioe and his/ 
her residential location decision has as its consequence a 
daily work trip. The general framework from which the disaggre- 
gate models can be derived should begin with the partitioning 
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of all household and individual decisions into two sets* viz*, 
those relevant to transportation analysis and those which 
for praotical purposes can be ignored. [Dhis partitioning 
will produce the following vector of household decisions 
(Ben-Alciva, Iiernifm and Manheira, 1976), employment location, 
residential location, housing type, automobile ownership, 
mode to work, freluenoy, destination, time of day, mode to 
non -work and route. 

Tho above factors will describe the decisions, which 
the complete model system must consider. This perspootive » 
however , would produce a model of unrdanagoable dimensions, 
since the entire vector of possible choices would bo limitless , 
It would thus be impossible to develop useful models* There- 
are ♦however^ some interrelationships among components of tho 
above vector whioh are of different character than others* 

Some of the dooisions liko residential location choioos aro 
atablo over fairly long periods while other choices such as 
sooial/shopping trip frequency ore altered almost on dally 
basis. Some decisions can bo logically roprosented as being 
made oolleotively by the household while others can bo of 
individUvals ohoioo* It may thus be possible to formulate 
explicit behavioural hypotheses. This helps to establish a 
structure of the total vector of ohoicos as a logical working 
hypothesis* 

Different designs for disaggregate models have been 
suggested by various resoarchers to solve complex interaction 
processes, but tho implementation has been highly hampered by 
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the methodological difficulties* The diaaggr-egate methods 
cannot treat large amount of data nor do they offer a 
reasonable logic to produce decision processes on the 
individual level in a complex travel system (iCreibich, 197 ). 

In India , the travel behaviour is highly complex 
because of wide variations in the modal characteristics and 
also large variations in the socio-economic status of the 
individuals. Simulation of this complex decision process 
at individual level is attempted in this study. In the 
proposed model the modal choice and the trip end decisions 
of the individuals are mot in an integrated framework. The 
mode choice and trip distributions obtained from the simulation 
raodol aro tested with th.e obsorvod travel data for ICanpur 
metropolis. The details of the modol oro given in the 
following s.ections. 

4,3 OONOEPT OF STATUS GROUPS 

The concept of status groups is used in the proposed 
simulation modol beoauae of the importance of mobility 
constraints. Individuals with similar constollations of 
activity constraints are grouped into status groups. All 
the members of a status group aro exposed to similar internal 
and external decision factors. In addition>it provides a 
fraimework to consider demographic and socio-economic as well 
as locational determinants of trtmsportation behaviour simul- 
taneously, In a socially oriented planning framework they 
can be considered as the target groups of planning concepts 
and measures. The proposed concept of status groups can be 
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oonsidered as a first operational definition of constraint 
oriented approach to household travel behaviour. 25ie indicator 
variables that can be used for defining the status groups in 
a typical major Indian city are: 

(i ) for work trips 

. residential location 
« household income 

(ii) for education trips 

* residential location 
. household income 
« level of education 

Ihe choice of the three indicator variables for 
education trips results in . a large number of decision 
situations* 'fo simplify it the household income is not 
considered as an indicator variable of education status 
group for the oity of Kanpur. Besides the residential 
location, the level of education (primoi'y, secondary, degroo, 
vocational) is thought to be more significant than the houses- 
hold income, 

For each status group foiir dopondont variables which 
are considered to be of strategic importance for the decision 
process of mode choice and trip end choice are: 

(i) model of travel 

(ii) employment/education opportunities in a zone 

(iii) travel time 

(iv) travel cost. 



105 


Besides these four dependent variables for each status group, 
like travel time and travel cost for each of the mode of travel 
independent of status groups are eilso considered to be significant 
importance for the deoiaion process , The decision profiles 
for each of the dependent variable of a status group are 
derived from the available travel survey data. These profiles 
determine the behaviour of an individual within a stochastic 
framework, 

4.4 DECISION PROOESS liWDS 
4.4.1 Status Group of Individual 

Simple cross tabulation measures of Individual travel 
behaviour by demographic and socio-economic variables reveal 
distinct differences with respect to network patterns and 
travel times. A constraint oriented approach using the 
concept of status groups requires a multivariate design. The 
method of cluster analysis is therefore applied to group the 
individuals into status groups with homogeneous decision 
situations. The pattern of constraints which determine 
travel behaviour of status groups points out the importance 
of stage in the family life cycle and of resulting household 
linkages, Pig. 4,1 shows how the individuals of a zone are 
classified into different status groups for work and education 
trips. As mentioned in Section 4*5 for work trips the status 
groups are decided based on residential location and household 
income. The household income is classified into four groups 
suoh as low income, lower middle income, upper middle income, 
and high income. Eor each income group the status groups are 
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decided based on residential location such as the residence 
in the OBD area, between OBD area and intermediate cordon, 
and between intermediate and outer cordons, Por education 
trips the status groups are decided based on level of education 
and residential location, The level of education is classified 
into four groups > namely, primary, secondary, degree, and vocatio- 
nal, For each group based on residential location the status 
groups are decided. There are 12 status groups for work trips 
and the same number for education trips for the city of Kanpur. 

4-. 4. 2 Distributions of '.Einployment/Eduoation Opportunities 

'Jhe model as formulated in this study simulates the 
decision process of the individual. The decision profiles of 
the dependent variables considered for the decision process are 
to be developed for each status group. The city under considera- 
tion is partitioned into three cordons namely, central (OBD), 
intermediato, and outer. The area between the cordons is 
divided into zones such that each zone is homogonoous with 
regard to population density, and .lEuad use pattern* boundary 

of a zone is also marked based on tho looation of the streets 
in the network. The household survey data is claoaifiod by 
purpose into various zones and status groups* Tho number of 
attractions by purpose to a zone of each status group ‘ is 
determined from the household survey data. Based on the number 
of attrjiustions of eaoh status group in a zone, all tho zones 
of tho survey area c5ro olaasifiod into certain groups, Glio 
zones within each of those groups spooifies equal employment/ 
education facilities available for on individual of a certain 
status group, Bie ptrocedure for this classification is shown in 
Fig. 4.2. 
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4.4.3 Decision Profiles 

Pour variables considered to be of strategic importance 
for the decision process of an individual are mode of travel, 
employment/education opportunities, travel time, and travel 
cost. The decision profiles of those dependent variables for 
each of the status groups need to be determined from the 
household survey data, and the proceduro is shown in Pig, 4. 3. 

The procedure for determining the distribution of the different 
status groups is also shown in Pig, 4.3. decision profiles 

represent major constraints on travel behaviour for each status 
group. These decision profiles ore considered as the dependent 
variables and computed as froq.uency distributions, ^en the 
model is used to determine the effects of alternative concepts 
of travel behaviour, the decision profiles oould also be derived 
from asavimptions based on theoretical concepts. Accordingly the 
distribution of status groups in the origin zones would depend 
on the population distribution of a oortain settlemont policy, 
if it is to be tostod with respect to its effects on the trans- 
portation system. The distribution of individuals by status 
group among origin zones in the study inroa reflects the influence 
of the transportation system on their deoision profiles. The 
decision profiles which are being derived from the data are 
as follows ; 

, mode of travel 

. employment/oducation opportunities 

, travel time 
, travel cost. 
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PIG. 4-. 3: PROGBDUKE FOR DETERMINING DECISION PROFIDBS 
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(i) Mode of travel 

'Hie decision profiles for the mode of travel of each 
status group are derived from the household survey data. Six 
modes of travel, both public and private, including walk are 
considered. (Dwelve decision profiles of each status group 
for work trips and an e<lual number for education trips are 
derived. A representative decision profile of status group 
no, 8 both for work and education trips are given in Fig. 4.4. 

This profile gives the frequency In percentage of trips 
performed by each of the modes of a particular status group. 
While generating the mode of travel for on individual of a 
particular status group, the cumulative frequency distributions 
are used, 

(ii) Bnployment/ilSducation opportunities 

From the household survey data the number of trips by 
pu2?pose attracted to each zone are determined* Based on these 
attractions the zones are classified into ten groups, each 
group representing a certain range of work/education opportuni- 
ties avEiilable for a zone, (The opportunities available for 
the ten groups ore upto 1000, 1001-2000, 2001-4000, 4OOI-6OOO, 
6001-8000, 8001-10000, 10001-12000, I2OOI-I4OOO, I4OOI -16000, 
and more than 16000, Dae frequency distributions of the trips 
by purpose attracted to each of the above ten groups of zones 
are shown in Fig, 4t5* iThis decision profile is for one 
partioulor status group and similar ones are derived for each of 
the status groups by purpose. Using the cumulative frequency 
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distribution of uheoo dooision profiles, the model generates 
one of the ten groups of zones to which the trip may be 
attracted, Biis further helps in selection of the actual 
zone of destination, 

(iii) Iravel time 

Based on the travel time of the observed trips from 
household data, the travel times are stratified into ten groups, 
each represented by a 5 minute interval, 5br a particular 
status group the frequency distributions of each of the travel 
time groups tw?o represented in Pig, 4.6 for work and education 
trips. Similar decision profiles are derived for each of the 
status groups by purpose. It may be mentioned that these pro - 

files {are aggregated for all modes of travel and stratification 
is only for status group type* The travel times of the modes 
available in Kanpur vary significantly, some being very slow 
like walk or by human driven vehicles whereas fast modes also 
ore available, 'Jto properly stratify the modes of travel, 
deoision profiles of travel time for oaoh of the modes are 
also derived, and ore shown in Fig, 4,7 for a particular mode. 
It may be worth mentioning that these dooision profiles are 
independent of the status group, i.e. , individuals of all 
status groups are aggregated, 

(iv) Itavel cost 

Knowing the length and mode of the observed trips, 

f • 

their travel costa are estimated based on the uhit operating 
cost of different vohioles, 2he travel costs by bus are as 


Status Qrou 
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per the existing faro structure (minimum Rs. 0.50), The unit 
operating costa of the different modes considered in the 
study aro : 

Mode of travel Cost 2 km, in Rupoos 

Bicycle 0,05 

Motorcycle/scooter 0,42 

Oar 1.05 

Cycle rikshaw 0.50 

A samll dummy value of the travel cost by walk is incorporated. 
These costs are taken on the basis of the existing fuel cost 
and other maintenance charges, Bie travel costs are stratified 
into seven groups with different intervals (<0,25, 0,25-0,50, 
0.50-0,75, 0,75-1.00, 1.00-1,50, 1.50-2.00, and >2.00), litor 
a particular status group the frequency distributions of each 
of tho travel cost group are ropresontod in Pig. 4»8 for work 
and education trips. Similar decision profiles are derived 
for each of the status group by purpose. Hero also the profiles 
aro aggrogatod for all modoa of travel and stratification is 
only by status group typo. As tho travel costs of tho modes 
available for Kanpur city vary significantly tho number of 
decision profiles for each of the modes ore also derived and 
are shown in Pig, 4.9 for a partioular mode, 

4.5 MODEL ATTRIBUmSS 

The disaggregate model is a model of an individual 
deoision making, Tho attributes of the various types of 
objects (individual, status group, zone and cluster of zones 
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between cordons) fis conaldored in the model t.iro given below: 

(i ) Individual (l ) 

, zone of origin/location of rQsidoncG(i) 

. incomo/oduoution level (iNO/liDL) 

, atatua group (a) 

, mode of travel (m) 

• travel time group (tg) 

. travel coat group (tc) 

. destination group (d) 

(ii) Status group (e) 

. number of individuals in each status group (NSOBS^) 

, number of trips by different modes of travel(lTllVIODSg 

. number of trips by different travel time group sCNTTOIBSg^-tjg) 

, number of employment/oduoation opportunities for 
different destination groups (NEOOBSg 

♦ number of trips by different travel oost groups (UTOOBSp^ .|jq) 

(iii) Zone (i) 

. number of trips produood 

* number of omploymont/oducation opportunities (NATOBSj^) 

(iv) Cluster of zonos between oordaiis (o) 

. inoome/oducatton levels in cluster of Konoa between 
cordons (IITOOBSq). 


121 


4.6 MODEL S'JRUCTURE 
4.6.1 Overview 

The model simulates the modal split and trip distribution 
as an interconnected decision process at the individual level. 

It interprets the relations in the decision profiles as the 
probabilities and activates thorn with the use of random number 
generations. The components of tho model as dosoribod in 
Pig. 4*10 dGscrlbo the system of decision process with respect 
to individual work/ education trips. The decision profiles 
whioh act as tho major constraints on travel behaviour include: 

(i ) distributions of productions and attractions in various 
zones,* 

(ii) distributions of income levels in tho cluster of zones 
between cordons, 

(iii) distribution for each status group of travel mode, 
travel time, travel cost, and omployment/eduoation 
opportunities, and 

(iv) distributions of travel time and travol cost for eaoh 
mode of travol. 

The components of tho modol ore activated in a specific 
order and with feedbacks as shown in 7ig.4.10.Tho modol is so 
structured that tho ordor of activities of different components 
oon bo oosily changed if required as por tho framework of tho 
study. Tho mode of transport is first selected in tho proposed 
modol and romfiins fixed within tho decision process of tho 
individual. If the object of study is to tost the effect of 
improving the service level of certain public transport modes, 
then the decision on trip mode may be takon after selection of 
tho deoislon ooll and the possible foedbooks Inoorporatod. 
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The simulation prooedure first creates an individual* 

The aone of origin of the individual is selected from the 
decision profile of the trip productions in different zones 
and also with regard to the number of individuals already 
simulated in different zoiaes of origin. Itnowing the origin 
of the individual, the cluster of zones between cordons to 
which this origin belongs is identified. Individual is 
assigned an income level selected randomly from the decision 
profile of income level for the cluster of zone, Prom the 
origin zone and income level, the status group of the indivi- 
dual is Idontlfiod for the work trips. When education trips 
are being simulated the lovol of education for the individual 
is selected from tho relevant decision profile in the same 
manner as is done for selecting the income level. The status 
group of on individual performing an education trip is then 
identified as per the procedure given in Pig, 4,1* 

The mode of travel for tho individual is determined 
probabilistically by referrihfj to the corresponding decision 
profile of hia/hor status e^roup, Ao oxplad.nod above, this 
solooted mode of travel remains fixed during tho dooislon 
oyole of individual's destination ohoioo. If it so happens 
that tho destination could not bo assigned, then a now attempt 
on the selection of mode is made as per tho procedure. 

Die procedure for choosing the destination is as follows, 
A travel time group is selected randomly from tho decision 
profile of the status group for individual, OMs travel timo 
group indicates a certain range of travel times . Using the 
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decision profile of employmen-fc/education opportunities, a 
set of destination zones that have the potential to attract 
the trip are identified* As there are a number of zones in 
the set, only those zones that can be reached within the 
selected travel time ranges are identified, Wlien more than 
one destination zone are identified in the abovo prooeduro, a 
travel cost range is randomly selected from the decision 
profile for the conoornod status group. Out of the already 
identified set of destinationa, only those which oan bo reached 
within the soleoted travel cost range are identified and the 
one with minimum travel coat is aolooted provided it has 
already not been assigned the desired trip ends out of the 
previously simulated individuals, Otherwise the zone with the 
next higher' travel cost within the selected travel coat range 
is then tested for selection. 

The above procedure , thus , considers employment opportunity, 
travel time, and travel cost docision profilos oa an 
integrated process. If no zone is selooted in the above 
prooodure then a new attempt is mudo in selecting the set of 
destination zones from the decision profile of employiment/ 
education opportunities. A maxlmxim number of attempts that 
oan be made in the iteration may bo specified in tho model. 

If even after tho maximum number of specified attempts on 
aeleotion of destination groups, the final seleotion of 
destination could not be made ,thon a new attempt on tho 
travel time group is attempted subject again to a maximum 
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number, Tiven if the above procedure does not select an 
acceptable destination then a new attempt is made on the 
selection of mode. If a certain maDcimum specified number 
of attempts on the mode does not result in final selection, 
then a new attempt can be made on the choice of origin of 
the individual. 

(The decision process of the simulation modol is 
highly interconnected involving various decision profiles. 

The components of the system as used in the modol are; 

(i ) on individual, (ii) status group, (iii) zone, and 
(iv) cluster of zones between cordons. The attributes of 
those components are dosoribod in Section 4*5. The model 
is capable of simulting all the worlc/education trips of 
an urban area. For a largo size metropolitan area it is 
eoonomioal to simulate only a sample of 5 peroont. 

The procedure of the modol starts first by selecting 
an individual out of tho population. The Individual is 
simulated to determine the zone of origin, mode of travel 
and destination zone as fm intorconnectod decision proooss. 

Next individual is selected only when the process for tho 
previous one is over. The experljiiont stops when a certain 
fixed sample of individuals drawn from population is simulatod. 
The structure of the model is such that once tho decision 
process of tho individual is complete, tho individual is 
terminated and there is no further feedback to revise tho 
decisions of an already simulated individual. 

The model consists of tho following oornponont 


submodels ; 
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(i) Status group submodel 

(li) Mode ohoioe submodel 

(iii) Distribution submodel. 

These submodels are shown in the Fig. 4 , 1 1 and explained in 
the following sub-sections. 

4 , 6.2 Status Group Submodel 

This submodel identifies the status group by purpose 
of the individual being simulated. The submodel involves 
firstly the selection of origin and IrLs/her housohold income/ 
oduoation level, Wlicn an individual I to bo siinulatod is 
created, the zone of origin for the individual is drawn 
randomly from tho deoision profile of trip productions for 
different zones. Let the zone of origin drawn be i - Zone^. 
This zone of origin is accepted if the number of trip 
productions already simulated from a zone do not exoood the 
total number of trip productions by purpose of that zono, 
that is»if> 

WTSIMj^ < then select i as tho zono of origin 

where NTSIMj^ = number of trips produced in zone i out of 

tho already simulated trips 

HTj^ - total number of trips produced in zono i 
by purpose. 

If tho zone of origin i does not satisfy the abovo 
condition, then another zone of origin is drawn from tho 
deoision profile till final selection of i is made. The 
trip productions by purpose of tho simulated trips for the 
zone i is now updated, » 
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The income level of the individual I ia drawn from 
the decision profile of the cluster of zones in which the 
individual resides. Now let c be the cluster of zones that 
includes 1 ( 0 = OHJSTBRj^). Tliis cluster is baaed on the 
location of zone with regard to the cordons ( 0=1 for 
zones within OBD , 0 = 2 for zones between OBD and intermediate 
cordon; and 0=3 for zones between intermediate and outer 
(cordons ). lh?oni the decision profile of the income levol for 
the cluster of zonos c the income level of the individual, 

INCjj ia genorated. In the samo manner tho oduoation level 
of the individual, iSDIjj is generated fromi tho relevant 
decision profile. The zone of origin and income/ education 
level identifies tho status group of the individual as shown 
in Fig. 4«2. Mathematically this status group s of the 
individual is expressed as 

B = (iNOj - 1) 3 ‘I" 0 for work trips «. (4t2) 

B - (EDXij- -> 1 ) 3 c for education trips,. (4.3) 

like tho zonal trip productions it may bo tasted that tho 
number of individuals simuilatod in a particulfar status group 
do not exceed the observed nimibor for that group , i.e,, 

NSSIMq < WSOBSg 

where, NSSIMg = number of individuals simulated in status 

group a out of the already simulated individuals 
NSOBSg - total number of individuals in status group a 


by purpose 


The inolusion of the above status group constraint is 
optional. Once sta'tus group is accepted, the number of 
individuals simulated in a status group are updated, i.e. , 

NSSIMg = NSSIMg t 1 .. (4.4) 

4.6.3 Mode Choice Submodel 

This submodel selects the mode of travel for the 
status group of the individual aa Identified in sub--aection 
4.6, 2» The mode of travel m for the status group is drawn 
randomly from the ducision profile of the modo of travel. 

Once this mode is finally accepted, the number of simulated 
individuals using the modo m is updated, i.e,, 

h 1 .. (4.5) 

where, « number of trips by Diode m for status 

group s out of the already simulated trips. 

4.6.4 Distribution Submodel 

This submodel identifies the final destination zone 
of the individual being simulated. It involves, firstly, the 
selection of travel tlmo group, Thio travel time group, tg, is 
selected randomly from the decision profile of the travol tino 
for the relevant status group, Iho travol time for the set of 
destination zones to bo select od should be within this travol 
time range of (tg-1 ) and tg, Eie destination group of zones 
is identified from the decision profile of the employment/ 
education opnortunitios. ]?rom the number of zones n of the 
destination group d , a set of zones that have the potential 
to attract the trips are identified, i.e., 
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NATSIM (ZONBS^^jj) < NAT 

where, NATSIM( ZONES = number of trip attractions in the 

nth zone of the destination gi’oup d 
out of the already simulated trips, 

NAT( ZONES^^ j^) = total number of trip attractions in 

the nth zone of the destination group d. 

If the above condition is not satisfied, then another destination 
group of zones i8 drawn from the decision profile of the 
employment/ education opportunities. For the zones which are 

« identified from the travel time by the selected mode m from zone of 
origin i to different zones in the destination group are tested 

with the travel time ranges, i.e,,' 

< TT(m,i,20NBS^^n) ^ 

where, travel time for the (tg-1 )th group, 

TT(ra,i , ZONES travel time for nth zone in the destination 

group d from origin i by mode m, 

TM^g ~ travel time for the tg th group. 

If the above condition is not satisfied for any of the identified 
destinations , it is decided to seleot another destination 
group from tho decision profile. If only one zone is accepted, 
that is taken as tho destination zone ;) • When more than one 
destination zone arc identiCiod in the above procedure, a travel 
cost is randomly selected from the decision profile of the 
concerned status group, iPhe set of zones whloh can be reached 
by the seleotod travel cost range are identified, i*o, , 

T00S^q_-| < TC (ra,i, ZONES^^j^) < TOOS^q 
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whore, TOOS^^^-) = travel cost for the (to-l )th group, 

T0(m,i, ZONES^j^^jj) = travel cost for nth zone in the destination 

group d from zone of origin i by mode m, 
TCOS^^j = travel cost for the tc‘. th group* 

Out of the destination zones n in the group d the destination 
zone j with the minimum travel cost is selected if, 

ilATSIl/Ij < NATj 

where, NATSIM. == number of trip attractions to zone j out 

J 

of the already simulated trips, 

NAT^ total number of trip attractions to zono J 

by purpose, 

The trip attractions by purpose of the simulated trips to 
the destination zone j are now updated. 

i.e. , NATSIMj = NATSIMj+1 ,* ( 4 . 6 ) 

In the above proooduro>if the destination zono j is 
not selected, now attempt on the dostination group of zones 
is made subject to a maxinuun of five attempts. If the procedure 
still fails to select the destination zono, new selootions are 
made in order for travel time, modo of travel, and zone of 
origin* A maximum of five attempts are mi.ida iii each selection, 

4.7 MODEL OAlIBRAl’ION 

Tho submodels which are doscribed in sub-soctions 4.6,2 
to 4 . 6,4 require calibration against tho observed data* 

The household data which is required for these models are 
collected as shown in Section 2,3. It may also be nocosaory 
to calibrate the values of some par met or s and decision 
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thresholds in the light of the model results during validation. 
The decision profiles for the dependent variables like mode of 
travel, employment/oducation opportunities, travel time, and 
travel cost based on status group along with the decision 
profiles for travel time and travel oost based on mode of 
travel are calibrated in sub-section 4 , 4 , 3 , The distributions 
of number of individuals in a particular status group affect 
the system, 3?urther as the status group depends upon the 
incomo/education level and the rosidontiul location, it is 
necessary to have the decision profiles for incorae/education 
iGvcls. 

Income/ Education level: The decision profile for tho 
income levels in cluster of zionos between cordons is derived 
from tho household survey data. Household inoomo in olaasified 
into four levels (low income group, lower middle inoomo group, 
upper middle income group, high income group) and so is the 
case for education levels (primary, secondary, degree, 
vocational). A reprosontativo decision profile of inoomo level 
distributions for the cluster of isones withiln OBD is shown in 
Jig, 4 , 12 , This profile gives tho frociuonoy in poroontago of 
individuals by oaoh of tho income level. 

Individuals by status group ; The decision profiles for 
the number of individuals in different status group are derived 
from household income/eduoation level and looation of rosidenoe 
and a representative one is shown in Pig, 4.15. ^Ihe decision 
profiles for tho other dependent variubleo are already 
explained in sub-seotion 4.4.5. 
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4.8 MODBi VAIilDA'HOJr 
4.8.1 General 

Ihe model oan be used to aimulate future condltiona 
only after it bag been validatod and found to be a reasonable 
representation of the actual real system under study (Bulgren, 
1982). Validation involves the verification that the structure 
of the model is correct and parameter estimates axe reasonable. 
Sometimes validation may also involve parameter ostimation. 
Generally the validation of the model is based on available 
information and an agreement between the output of the model 
with earlier obaorvations. This process of validation is a 
straight forward one but may present some difficulties in 
carrying out. Since the data are usually probabilistioi for 
small lengths of simulation runs, the variability of the model 
output would be large. In this case one has to simulate the 
model several times with different sequence of random numbers 
and obtain the range of variation omong those. If the outputs 
to be compared are sample means one can use number of statisti- 
cal tests available to measure the discrepanoy. 

In this study it is decided to validate the model by 
comparing the model outputs with the observed household survey 
data. The model consists of the following submodels: 

(i) Status group submodel 

(ii) Mode choice submodel 

(iii) Distribution submodel 

These models that are based on available information must be 
validated aeperately* Using the overall simulation results it 
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is necessary to calibrate the values ot some of the parameters* 
(Ehe overall simulation model is a teat of how well well the 
submodels have been assembled into a realistic structure' of 
the system, 

4.0,2 Strategy for Yalidation 

The model simulates the decision process of the 
Individual and seleots the travel mode and trip ond. The 
decision proooss is based upon the status group of the indivi- 
dual. J?or proper validation of the system it la necessary to 
see that each of the submodels , namely , status group submodel > 
modal split aubraodol, imd distribution submodel ore validated 
soperately so as to ensure that they have boen assemblod into 
a realistio structure of the system. Properties to be used as 
measures of effeotiveneas in validation should be such that 
they represent the output of the whole system and can also be 
observed from the real world data. These properties should bo 
such that significant disagreement betwoon observed and simulhr- 
tod values implies that the raodol is unsatisfactory tmd an 
insignificant dioagroomont implies satisfactory nature of the 
model. The properties selected for validation of tho various 
submodels in this study are: 

Status group submodel 

(i) inoono/oducation level distribution for the cluster 
of zones between various cordons of the study, 

(ii) trip productions for the cluster of zones, 

(iii) trip productions by each status group. 
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Status group is based upon the residontial location and income/ 
education level of the individual. Properties (i) and (ii) 
aro a aubsot of the status group submodel whereas property (iii) 
represonts tho characteristics of the different status groups. 

Modal split submodel 

(i) trips by purpose by different modes of travel, 

(ii) trips pex’forrned by different nodes for each of the 
status groups. 

Property (i) is validation of tho aggregated value of the 
results from modal split model model whereas property (ii) 
represents the stratification of modal -trips into each of 
the status groups. Ihese proportios include the interaction 
of status group and modal split models also. 

Distribution submodel 

# 

An ideal validation of tho trip distribution submodel 
oan bo by comparing tho simulated trips for different 0-D 
l^aira with the obaorved ones* !Diis oomparison for each 
element of the 0-D matrix is at a highly miorolovel. Besides 
this, tho other properties adopted for ompirioal validation 
are the frequency distributions of trips for different 
eraploymont/ education opportunities, travel tines and travel 
costs. 

Tho model is used to simulate 12485 Individuals 
performing work -trips and 8952 individuals making education 
trips in the city of Kanpur, Those numbers correspond to tho 
5 percent sample size as recorded in the household survey data. 
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Ihe aim of those aimulation. experiments is to have an 
empirical validation of the model by comparing the simulation 
results with the observed data. The validation is quite exten- 
sive involving properties related to status groups, mode choice 
and trip distribution submodels and- their interconnections. The 
following sections show in detail, the comparisons of the 
simulated and observed data for various properties. 

4.8.5 Status Group Submodel 

Ihe status group of the individuals depends- 
upon the residential location and income/ education level. 

The aggregate measure for validation of the submodel is the 
oompax'ison between the observed and simulated trip productions 
in each status group. Besides this the inoome/education level 
distributions in the cluster of zones between cordons ore also 
compared. 

The distribution of observed and simulated income lovols 
for each cluster of zones between the cordons is given in 
Table 4.1. 'The values in an income level groui^ roprosont the 
percentage of the individuals belonging to that income level 
of the cluster. The distributions of observed and simulated 
values of educational levels for the different clusters are 
given in Table 4.2, The cumulative froq,uoncius of income 
levels and educational levels for the first olueter of zones 
within the OBD are also shown In Fig* 4*14. The results 
indicate that the distributions of income level and educational 
levels of the simulated individuals are highly close to the 
observed ones for each set of zones. This indioatos that the 
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sample size chosen for simulation is sufficient enough as the 
individuals drawn by simulation have similar income/education 
characteristics as the observed ones. 

Hie simulation algoritlmi while identifying the zone of 
origin of an individual tries to maintain the production cons- 
traints of that zone, fo test whether the simulated productions 
in each of the cluster of zones compare with the observed ones 
or not, the simulated and obsorvod trip productions for each of 
the olusteis are given in Table 4»3* fhe comparison indicates 
that the two are highly closo to one another. The mean poroon- 
toge difference for both work trips and education trips is about 
-0,5 » the maximum value being 4*96 for work trip productions 

in cluster number 3. Those comparisons indicate that the simu- 
lated trip productions aggregated to the cluster level compare 
extremely well with the obsorvod ones. 

Ihe status group subraodol decides the status group of 
the individuals. The distributionaof trip productions for each 
o.f the status groups, both for work and education trips ore 
derived from the simulated results tmd they ore shown in Figs, 

4.15 and 4.16 alongwith tho observed values. 'Theso distribu- 
tions are roprosentod in proportion of the total trips* Iho 
simulated and observed proportions ore quite close to one another. 
The analysis of these observed and simulated trip productions for 
each of tho status groups are given in Table 4,4 and compeirison 
is also shown in Fig. 4.17. The results indicate that the 
vaa?iation between tho observed and simulated values is within 
+ 5 percent in general* It is only in a couple of oases that 
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the variation ia more than 10 percent. But this happens only 
when the sample size is quite low. Ihirther the Fig. 4 . 17 indicates 
.that the data points lie on. both sides of the 45. degree 
line indicating that there is no general bias in the Simula- 
tion algorithm. The results indicate that the status group 
submodel simulates the real world situation sufficiontly well 
and the simulated size of individuals that form 5 percent of 
the population is significant enough for the case of Kanpur 
city. By increasing the sample size the simulated results 
may further come close to the observed ones. This will 
however Involve inor cased computation time without any aj)pre- 
ciablc gain in the overall outcome. 

4.8.4 Mode Ohoioe Submodel 

Til© decision of mode choice of the individual being 
simulated is governed by the procedure discussed in sub “section 
4.6.5. Mie number of trips performed by each mode are deter- 
mined and are compared with the observed trips so as to have 
an empirioal validation of the mode choice submodel, Figs.4»l8 
and 4.19 show the cumulative relative frequencies of the trips 
made by different modes for work and education purposes. Thoso 
figures indicate that the simulated frequencies are very close 
to the observed ones for all the modes. Analysis of these 
results given in Table 4*5 indioates that the mean poroontago 
difforenoG between the observod and the simulated trips of all 
modes is only -1,01 for work trips and + 1*19 for education trips, 
while the corresponding mean absolute percent differences ore 
4.14 and 1.44 respectively* The variations are little higher 
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only in those cases whore the sample size is quite low, Biis 
shews that the model is capable of representing the real 
situation. The above comparison of mode choice is aggregated 
for all the trips in the region of study. As the mode ohoioe 
submodel is interoonnectod to the status group submodel tho 
simulated values of trips by different modes for each status 
group are compared with the observed values. Figs, 4.20 to 
4 , 22 indicate comparison of the observed and simulated trips 
performed by bicycle, motoroyclo/soootor and oyolo rilcahaw. 

Each point in the figure corrosponds to a particular status group 
by purpose, These figures indicate that the simulatod values 
are well within + 10 x^arcont of the observed ones. Further tho 
points are spread out on both sidoo of the 45 dogroe lino. 

Tables 4,6 and 4*7 givo tho relative frequencies by 
different modes of travel for each of tho status groups. For 
work trips tho moan peroontago differences aro within + 4 
percent for all the status groups except for status group 
number 11, 'Jhis particular status group corrosponds to 
residential location of high inoome individuals in the twoa 
between CBD and intermediate cordon* Tho number of individuals 
belonging to this status group is very small. For oduoation 
trips the mean peroentago difforonoos are even omallor than 
those for work trix>s« Tho above oomparisons indioate that 
the mode ohoioe submodel intorconneotod with the status group 
submodel gives suffioiently reasonable results showing tho 
ability of the model to roplicato the system. 
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4. 8, 5 Dis^iributio'n Su-bmodel 

The logic of ihe trip end choice for an individual 
is interconnected to the status group and mode choice sub- 
models, The decision process is further based upon the 
employment/education opportunities in different aones, travel 
time and travel coat. The destination of each simulated 
individual is identified as per the decision process and the 
total number of trips by purpose are determined for each 0-D 
pair. These correspond to each element of the 0-D matrix. It 
Is highly ambitious to expect from a model that the simulated 
values of each 0-D pair match with the observed ones. Most 
of the trip distribution models use travel time frequency 
distribution as the property for empirical validation (Ben- 
Akiva, 1974-; lerman, 1975)* 

Pigs, 4,23 and 4.24 show the comparison of the observed 
and simulated trips between major 0-D pairs. The points are 
spread out on both sides indicating the reasonableness of the 
model. As mentioned earlier this comparison is at a microlevel 
and cannot by itself be used for any definite conclusions. Some 
of the aggregated measures that have been used for validation 
in this study are distribution of employment/education oppor- 
tunities, travel times and travel costs. 

The destination aones are clubbed into 10 groups in 
the model , each group representing a certain range of attra- 
ctions i« 0 . , employment and educational opportunities. A oomp arisen 
of the -simulated and observed frequencies of employment / 
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education opportunities for each of the destination groups is 
shown in Fig. 4.25. This indicates that the variation is 
within + 10 percent for almost all the oases, the mean, per- 
centage difference being -1.48 for work trips and -4.41 for 
education trips. The cumulative relative frequencies of the 
observed and simulated trips are shown in Figs. 4.26 and 4.27 

'for work and education trips respectively. The closeness of 

the simulated and observed values indicates that the choice 
of destination group is quite reasonable. As the trip dis- 
tribution model is interconnected with the status group 
submodel, a comparison of the observed and simulated frequen- 
oios in each of the destination groups is also made for each 

of the status group and they are shown in Figs. 4.28 and 4.29 

for one particular status group. The simulated frequencies 
compare well with the observed ones thereby further reinforcing 
the decision logic of the model. 

Iho comparison of the observed and simulated frequen- 
cies of trips for each of the travel time groups is shown in 
Fig. 4.5O, Bach point in the figure represents one particular 
travel time group and as mentioned earlier in sub.-seotion 4.4,5 
that there are 10 travel time groups of different ranges. The 
comparison indicates that the values oonpare well within + 10 
percent, Oie close nature of the observed and simulated yhlues, 
are also indicated in the ouraulative relative frequencies 
shovm in Figs, 4*31 and 4*32, !lho observed and simulated 
froquenoies of different travel time groups are also compared 
for each of the status groups and they are sho.wh in Figs, 4- 33 
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and 4»34- for ono parliioular sliatus group. The above comparisons 
indicate that the simulated values are (luite close to the observed 
ones with regard to travel time^ thereby indicating that the 
simulation model is a suffioiontly good representation of 
the system . Bie average trip length by each status 
grous ip also calculated -and a somporison of the observed 
and simulated values is shown in Pigs. 4.35 and 4.36. It is 

observed tha't , in general ^travel time difference is within + 2 
minutes for most of the status groups. large variations within 
3 to 6 minutes is observed generally for Individuals residing 
between intermediate and outer oordons (status groups 3>6,9) in 
both oases. This is quite understandable as the sample siae is 
low in these oases* 

Pig.l 4*37 shows the comparison of the observed and 
simulated froquonoies of trips for each of the seven travel oost 
groups. The ooraparison indicates that the values compare well 
within +* 10 percent when the size of the sample is large. But 
for small sample size> the differences are high. !Ihe nature of 
observed and simulated values are also indicated in the oumular- 
tivo relative frequonoles shown in Pigs. 4*38 and 4*39 for work 
and education trips. ; The observed and simulated frequencies of 
different? travel' ooalJ groups, hre, also' oemporod sepbrately for 
eaph of the status, g3?dUlB,airid':'0^ 

for on© partioulsr case. The comparisons indicate that the 
simulated values are olosed "bo the observed ones with regard 
to travel oost# indioating that the simulation model is a 
sufflolently good representation of the system.* me average 
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oost of tlie 1;ripQ performed for each status group are calculated 
and a comparison of the observed and simulated values is shown 
in Pigs* 4«42 and 4 * 45 « The results show that the model stands 
validated with respect to both the modal split and trip dis- 
tribution aspects of the planning process, 

The choice of trip end is based on generated value of 
travel time and travel cost for the individual. These values 
are derived from the decision profiles, of the individuals 
status group. Another procedure which is considered on experi- 
mental basis is to choose the travel time and travel cost of 
the individual from the decision profiles of the selected mode, 
Ihis means that after selecting the mode of travel, the. 
travel time and travel costs are derived only with regard to 
that mode* This is of more relevance in cities like Kanpur 
whore there oxe large variations in the travel times and travel 
costa of the available multiple modes* Based upon this, 
strategy the individuals are simulated and their destlimtions 
are selected. IJho simulated trip distributions obtained by 
this process also compare well with the observed ones* The 
relative frequency distributions of the travel times and travel 
costs for the simulated individuals are shown in Figs* 4,44 to 
4,47 alphg with;; the^ observed frequencies and the simulated , 
frequenoies as derived from the previous experiment ( where the 
travel time and travel oost are generated from the decision 
profile of the status group). The results indicate that both 
the simulation experiments give v.alues close to the observed 


ones* 
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It may be desirable that both the alternatives of 
deriving travel time/travel cost be tested for some other 
Cities also so as to make some definite conclusions* 

4.8,6 Ctonolusiona 

3 Jie model simulates the modal split and trip distribution 
as an interconnected individual decision process whioh is 

stochastically determined by the location of the individual and 
the decision profile of his/her status group, Ihe empirical 
validation of the model indicates its capability of simulating 
the decision process of the individuals in a complex multimodoJL 
situation for a typical large size Indian city. The algorithm 
is tjuite sensitive and also flexible enough to incorporate 
alternative decision processes as is done in this model by 
considering two strategies of solooting the travel time/ travel 
cost of the individual. The method of defining status groups 
with homogeneous travel behaviour offers the possibility of 
testing temporal and spatial stability of travel behaviour 
pattern* The mode^, is computationally (I'lito efficient as 
oompiarod to the various typos of available programming models. 
The model may be extended to include the traffic assignment 
aspect also* 



'5 P^lOG^RAVll^Ij!^G MOiailIi i?OR' COMBI JjSD 
TRIP DISialBUnOi? AJTD ASSIGNMENT 

5,1 INTRODUOTION 

TraiiBport planning process as usually carried out 
consists of a number of stages. The trip distribution stage 
is concerned with the estimation of the number of trips per 
unit time which will be made between each pair of zones in the 
study area. The estimated pattern of trips depends on the cost 
of travel between the various pairs of zones and these costs 
have usually been calculated from fixed costs associated with 
links of the network. However the link cost increases with 
the -amount of traffic using the link and this is taken into 
account, at the traffic assignment stage when the trip demands 
obtained from the trip distribution model are allocated to 
routes throu^ the network. The link costs which correspond 
to the final estimated traffic flows are,howGver>not the same 
as assumed ih the trip distributiori stage. This problem can 
ha overcome by oonibining trip distribution and traffic assign- 
ment into one stage and db scribing . it ' by one model. The 
nature of the generally deed seperatb models for trip diatribu-** 
tion and traffic assignments is briefly discussed in this 
section along with some of the combined distribution and assign- 
ment models* Pinally a combined trip distribution and assign- 
ment model developed in this study along with its application 
to> the olty of Kanpur presented. 
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5,2 REVIEW OE HTBRATURE 
5,2,1 Trip distribution Model 

Several kinds of trip distribution models have been 
forumulated (Erater, 1954;, Brokke, I 958 ; Martin, Memmott and Bone, 
I 96 I; Murohland, 1966; Wilson, 1967; Beckmann,l97l )• The present 
study is restricted only to the widely used class of gravity 
models. While the gravity model approach is labelled as being 
over simplistic, its widespread use is a testimony to the fact 
that something better is yet' to be invented, !Ilie number of trips 
between a given pair of zones in a typical urban area depends on 
the land use activity in the two zones and the relative ease of 
interzonal travel afforded by the particular transportation 
system being considered. In the gravity type distribution 
model, land use activity is modelled by the estimated number of . 
trips produced in and attracted to each zone. The performance 
of the transportation network is introduced through a friotion 
factor function. The seperation or friction factor is usually a 
function of cost of travel between the zones whereby cost is 
meant by some combination of the travel time, the distance 
travelled, and the direct monetory cost. Different kinds of 
gravity models are appropriate to different ciroumstances and 
the most important distinctions relate to the availability 
of estimates for the number of trips which begin and end in 
each zone, to the form of cost or deterrence function. 

Bureau of Publle Roads (1965) has developed a technique for 
oalibrating the form of the. gravity model for establishing 
a relationship between travel time fiictor and travel time for 
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basQ year oondltions. Bi© solution to the gravity model has 
also been obtained by various optimization techniQ.ues 
(Murchland, 1966; Wilson, 1967; Tomlin- Otomlin, 1968; Evans, 

1970; Beokmann, 1971). Wilson (1970) pioneered the use of 
entropy models in the study of spatial interaction; Spatial 
interaction models such as gravity model are based on the 
entropy maximization principle of information theory. Entropy 
models are most commonly used to find the most probable 
numbers of pairings, "^ij* between location i and given 
the numbers 0^ of homes in location i and of jobs in 
location ;) for all looatidne. ^3 

Entropy models are also emerging as valuable tools in 
the study of various social problems of spatial interaotion. 
Increased flexibility in the models oan be obtained by allow- 
ing certain constraints to be relaxed from equality to inequa- 
lity (Jefferson and Scott, 1979). To provide a better under- 
standing, form of the entropy models have also been ^alysed 
by georaatrio programming. Erlander (1977) has suggested an 
alternative way of interpreting the entropy maximizing approach, 
when used to derive the ^avity model formulation for trip 
distribution. He iview^ the pptimisatloh as a planning 

model and for this purpose examines two alternative formula- 
tions, which are referred to as effiolenoy and acceeaibility 
probleraa, This interpretation of entropy maximizing fraaework 
as a p lannlng . model has been questioned by Bruzellus (1981). 
Hansen (1972), Nduburger (1973); Oochrane (1975) and Hijkamp 
( 197 5 ) have stressed .the close links between the entropy approach 
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and "tha utility maximization approach as used in conventional 
microeconomic consumer demand theory* In this they have argued 
that Wilson’s entropy measure should simply be viewed as one 
specification of a utility function, 

5*2.2 Traffic Assignment Model 

The purpose of traffic assignment is to provide an 
estimate of the amount of traffic which will use each part 
of the transport network under certain conditions* This is 
generally done by taking the estimated trip demands from the 
trip distribution model and allocating them to routes through 
the network according to some hypothesis* The two fundamental 
traffic assignment principles enunciated by Wardrop (1952) are 
user-optimizing assignment and system - optimizing assignment* 
Blunden (1956) and Taylor (1968) found that Wardrop *s second 
criterion describes the route choices of motorists better than 
Wardrop 's first oriterion. However^this evidence is far from 
oonolusive and most of the traffic assignment techniques used 
on a route basis in urban transportation studies assume thht 
Wardrop ’ S fire t criterion governs the route chbioes of motorists. 

In the recent past> significant i^rogress has been made 
in the developmenib pf effipient aigoril^hms that produce equili- 
brium flows in assignment of traffic based on Wardrop 's first 
principle* Some of the developed algorithms by Bruynooghe 
et ea, (1968), Bafermos (1971 )» leventhal et al, (1973), 
Murohland (1969) > leBlano (1973)* Nguyen (1974-) assign a 
fixed 0-D trip matrix to a road network arid result in equili- 
brium flows# Hb’ 'eyer jVer.y little .material is available on the 
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application of these methods in actual practice. A most ' 
efficient and internally coherent algorithm for traffic assign- 
ment oould be worthless if the resulting flows do not resemble 
the actual flows. A very Important question that needs lot 
of attentioUi but generally ignored by researchers, is whether 
Wardrop's first principle, that traffic will tend to settle 
in an equilibrium state where no driver can reduce his journey 
time by choosing a new route, is a sound behavioural assumption 
(i*lorien and Nguyen, 1976). 

Bruzellus (1979) has made lot of efforts in trying for 
a precise relationship between microeconomic oonsumer demand 
theory and generalized cost v^ioh makes some interesting 
points regarding user behaviour. Traditionally heuristic 
assignment teohniques (oapaoity-restraint typo, incremental or 
total loading methods) have been employed for finding a user- 
optimtztng flow pattern. Optimization (raathematioal programming) 
techniques have been used' for computing a system-optimizing 
flow pattern. However, the procedural equivalency of the user- 
optimizing and system-optimizing assugirnient principles 
(Wardropt I952j Dafermos and Sparrow, 1969 j Potts and Oliver, 

1972; Ruitor, 1974; Steenbrink, 19741, Plorian, 1976; Wigan, 

1 977 ) should make it possible to use either a nathematioal 
optimization toohnique or a heuristic loading technique to 
satisfy either of the two traffic assignment principles by 
ohoosinS the appropriate form of the travel cost-flow function. 
This oharaoteristio has been' examined, in, theoretical terms in 
literature h it its importanoe has not. been fully realised and 
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only limi'tod use of i't has been made in traffic assignment 
related work (Akoelik^ 1979). A number of techniq.u.eB have 
been developed to solve Wardrop’s deteiministic-user equili- 
brium problem which are especially relevant for traffic 
assignment problems in congested urban areas (LeBlano et al. 
1975; Ifeuyen, 1974). These techniques oan be applied to 
to networks with unlimited link capacities and more recently 
have been generalized to apply to more realistic case of 
networks with finite link capacities (Daganzo, 1977 a,b). ?or 
lightly congested networks other technique which are ' 
labelled ’stochastic network loading' are also available. The 
traffic assignment methods require that all possible origins 
and destinations of trips taking place within a study area 
bo represented as if they are taking place to and from a small 
set of points or oentroids. Bach centroid is supposed to 
represent the location of all trip ends within a given zone 
and this neoessorily misrepresents points located at the edges 
of the zone (Daganzo, 1980). In order to alleviate this 
problem one oould use smaller zones and more oentroids, but 
existing traffic assignment, algorithms cannot efficiently 
handle many oentroids* . ‘ 

5.2.3 Combined Trip Distribution and Assignment Model 

The usual models of trip distribution and traffic 
assignment oan be equivalently foimulated as optimization 
problems subject, to certain oonstr^^ints. The mathematical 
progrsBimlng techniques have generally- been used to establish 
the propertie of these models and ,to find their solutions. 
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Ihe mathematioal programming background allows to see how 
separate models can be combined into a single model in a 
consistent way* Onoe the combined model has been formulated, 
the mathematical problems of establishing existence and uni- 
queness of solutions, devising algorithms for solving the 
models, and proving that these algorithms converge to unique 
solutions oan all be attempted by the suitable mathematical 
programming techniques* A few attempts have been made to 
oorabine trip distribution and traffic assignment. Some of 
them resolved to repeated use of distribution and assignment 
computer programs to provide feedback between assignment and 
trip distribution. This is however very expensive to do and 
the process need not necessarily converge to an overall 
solution, A few other authors > notably Bruynooghe (1969 )> 

Tomlin (I97I), Tivans (1975)> and Florian et.al., (197A) have 
proposed single models for the combined distribution and 
assignment problem, 

Bruynooghe (1969) has developed a model based on 
constrained minimization theory. In this the trips oan be 
assigned to the network in some feasiblo way, so that all 
link flows are less tl^e link .bap hoi ties* Ihen they can 

be so assigned in ‘subh h way as to satisfy the ' prlnoiple 

of equal journey costs. Two algorithms are proposed for 
solving the general form of equivalent minimization problem, Tomlin 
(1971 > 'and Soheele (1977.) oonsldered the problem, of 
oomhinlng a doubly constrained gravity modol with exponential 
oofiit'''fun'otipn,j with a traffic assignment model -which seeks a 



188 


traffic flow pattern minimizing the total coat of all Journeys 
when link travel coats are constant and each link has an 

associated capacity* This model is foimulated directly as a 
nonlinear problem and is solved by using the Dantzig-Wolfe 
decomposition principle, fflorian et al. (1974) have developed 
another algorithm similar to Bcuynooghe for solving the mini- 
mization problem* The method adopts 5^ank and Wolfe (1956) 
algorithm for q,uadratio programming and falls within the 
class of feasible direction algorithms of nonlinear programming, 

Evans (1976) has developed a model based on equivalent 
optimization problem. He has considered that the demand for 
trips is described by a gravity model in which the number of 
trips per unit time which begin and end in each zone axe known 
and cost function either takes on the value of zero or has 
the form of negative exponentiation of cost for each Origin- 
destination pair* Secondly it is assumed that the cost of 
travelling along each link of the transportation network is 
a known strictly increasing function of the traffic flow on 
that link such that the cost inoreases indefinitely as the 
oapaoity of the link is approached* . Siirdlyj it is assumed that 
the trips aa?Q asaigned, ip in .such a way that thie 
resulting traffic pattern satisfies the selfish equilibrium 
conditions. 

patnaik (.1985) has used the Tomlin’s model by maxi- 
mizing the entropy oonstraint to evaluate the transit system 

i 

based on system optimization concep.tji.e* ^ minimization of 
thQ’ total travel cos '*’'8 of the; bus. tronsit . s^ristem: • 
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A combined trip diatribution, modal split and trip 

assignment model has been suggested by ?lorian and Nguyen 
(1977)» The main oomponents of the model are entropy type 
distribution models for eaoh mode that are linked together 
via common trip production and attraction constraints | an 
eQ,uilibrium type 'user optimized* route choice according 
to Wardrop 'a first principle and shortest route choice of 
transit travellers on the transit networks. It is shown 
that when several entropy diatribution models are linked 
with route choioo models based on Wardrop *s ‘user optimized* 
principle ) the mode choice is given by a logit model and the 
destination choice is given by a *weighted' logit function. 

5.3 MODEIi DBVEIOPMBNT 

An attempt is made in this study to derive models that 
combine trip distribution and traffic assignment into a single 
stage. IThis model optimizes the system by minimizing the total 
oost of the system as a whole. Bio main components of the 
model are entropy type trip distribution submodel for each . 
mode, and a system optimized assignment submodel, The combined 
model is solved by using the degbmpositibn principle. All the 
constraints of, -ijhb; gravity submodel of the: distribution problem 
are linear except the entropy constraint which is convex in 
the region defined by linear constraints , The gravity sutanodel 
is proposed to be oalibrated by making use of Davidon-Pletcher 
Powell (DTP) method of constrained optimization. The gravity 
submodel through iterative process evolves the distribution 
matrix for each mode, within the' framework of the constraints 
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of tho given trip generation data, the generalized oost, and 
existing extent of entropy, Hie assignment sutmodel minimizes 
the total travel oost through system optimization for each 
mod© considering the link costs over the network, Ihe dual 
costs obtained from the assignment submodel replace the 
generalized costs in gravity submodel as feedback so as to 
get the revised trip matrices, ilheso two submodels stop 
interacting when no further change in objective function is 
possible. Through the successive solutions of these two 
submodels, the final assigned trips oan be obtained, 

5,3,1 Trip Distribution Problem 


Given the trip generation data, the trip distribution 
stage is concerned with estimation of the number of trips per 
unit time which will be made between each pair of zones in 
the study area. Suppose the number of zones in which the 
trips begin is m and number of zones in which the trips end 
is n. Now let the number of trips per unit time beginihg 
in origin zohe i be ( i = and the number of 

trips per unit time ending in destination zone j be aj(3=1,2,. 
,n), let tj^jj be the. number of trips from origin 1 to desti- 
nation j and be the unit generalized cost (or travel time) 
from origin i to destination j . " trips 

made in the area is given by T = travel pattern 

is completely specified by the trip matrix t^^^ and the follow- 
ing conditions must be satisfied * 

*11 = ? 1 - *= •• 
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I ^ 


.. (5.2) 


> 0 all 1 and j . 

The objective is to minimize the total travel cost, 2 c^ ^ t^ 

1 id 

or the mean travel cost ^ E t^^^. With either of the 
above two as the objective function and subject to the 
constraints (Sqns. 5.1 and 5.2), one arrives at the classical 
transportation problem in linear programming. The solution 
of this problem results in no trips being made at all between 
certain origin-destination pairs. However a transportation 
problem such that it is possible to reach every destination 
from every origin is needed , that is certain degree of accessi- 
bility is required. This can be achieved by including an 
entropy constraint. The entropy may be looked upon as a 
measure of trips over the cells of the trip matrix. The 
higher the value of the entropy, the more even is the distri- 
bution, Since there are many pairings which are compatible 
with the generally available data, it makes sense to have the 
choice of the most probable set of pairings. Biis is the 
’Principle of Insufficient Reason' of lapLaoe and the resulting 
problem is the maximization of entropy, (Jefferson and 

Scott, l979)»given the data available. .... 

For the distribution which is even. 


^ij 


1 

mn 


(5.3) 
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and 




ax 


_ s ide ^ 

ij T ^ !I? 


1 1 

“ m n — lo g —— ■ 
mn mn 


1. • 6 • ^ "^tnax ~ log mn •«(5«4‘) 

where, 3i^ax ~ maximum entropy. 

If the distribution is not even, all journeys are concentrated 
in one cell, then the minimum entropy, i . e , , ~ 9* Assum- 

ing B as the measure of accessibility to be at least equal to 
or greater than the existing one,^, the following relationship 
Is obtained 

„ 2 I l i^ p tl i loff ^ Bn 

ij I ® 3j - ^ 

The trip distribution problem is now formulated as 


j °ij ^ij 
Subject to S tj^^ =* Pj_ 

I * 1,3 “ ®3 


Mih 2=1 


.. (5.5) 
.. (5.6) 

.. (5.7) 
.. (5.8) 


All the above constraints are linear except the entropy ^ 

^JL n 

constraint which is convex. The function - “ 


is strictly convex in the region defined by linear constraints 
(Bvans, 1975 ). objective function and all the constraints 
are all differentiable. Biese conditions guarantee that a 

stationary point problem also is 
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a solution to the minimization problem (Scheele, 1977), 

5.3«1»1 Oaoice of entropy constraint 

Iho maximum value of the entropy constraint which can 

be considered ia when production and attraction constraints 

along with the non-negativity constraint are being satisfied. 

Because of its strict convexity, there exists a feasible 

solution, aJhe t^ j matrix obtained from the model is considered to 

Pi^ 

give the highest accessibility to the system when tj^^” 
for the given marginal total of the matrix. In this case, the 
cost of travel has no influonoo on the trip matrix. For the 
trip matrix tj^j of the form 

ti^(f3) = 0^ EXP(-fJ .. (5.9) 

where and are some constants. She value of the entropy 
is obtained as 

This maximum value is obtained when the value of § 
becomes zero as per (B(in,5«9). It is shown by liivans (1973) 
that the function E(p ) =? B(t 4 ^( 0 )) Is a strictly increasing 
function of p when p > G, the, value of Bq the entropy 
constraint corresponds, to Pq ih the solution of the gravity 
model, Bids is a one to one correspondence, as the entropy 
is strictly decreasing in p. Pq has also a uniq.ue corresponding 
value of the cost Oq* value of Eq in the gravity model 

calibration is 

Bq E 


( 5 . 10 ) 



to find the appropriate step length a^, are employed to find 
the minimuia of the modified objective function. Ohe optimi- 
zation problem can be stated as finding the vector X of the 
calibration ooeffioient which minimizes the objective function 
F(X), subject to the constraints (X) < o ( j-1 ,2,. . , N), !lhe 
methodology of most of the numerical methods of optimization 
is to produce a sequence of improved approximations to the 
optimum in the following manner ; 

^+1 “ ^ ^i ^i .. (5.12) 

where, “ vector of design variables at the new point, 





a 


# 

1 


veotor of design variables at the previous point 
a suitable direction along which the value of 
the objective function decreases, and 
an appropriate step length for movement along 


Davldon-Fletcher-Powell (DPP) method also known as the 
variable matrix method has been found to be stable and applicable 
for a largo olasa of problems. As such this method has been 
ohOBon to find out the search direction S, Since this method 

i 

makoa use of gradient of the objective function, it has been 
coupled with the oubio interpolation method to find the appro- 


priate step' length d. Oohstraihts have been, taken care of 
throu^ exterior penalty function approach. The constrained 
optimization problem is converted into an unconstrained optimi- 
zation problem by oonatructing a function using the objective 
function P(X), the oonstraints gj(X) and a penalty parameter r 
as given below jj 
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where the exponent 2 la a non-negative oonatant." Bie choice 
of z — 2 is selected (j?ox, 1971)* If the unconstrained mini- 
mization. of function 0 is repeated for a se<luence of values 
of the penalty parametQr,rjj, (k = 1,2,,.,.), the solution may be 
brought to converge to that of the original problem. Hence 
penalty function methods are also known as se9.u.ential uncon- 
strained minimization techniques (SUMT), The framework for 
the method is as follows: 

(i) starting with an initial value of X with a moderate 
value of Tjj, find a vector Xg that minimizes the 
equation 5.13, 

(ii) investigate the constraints to determine whether the 
point "Xg is in the feasible domain, 

(iii) if the result of stop (ii) is true, terminate, 
otherwise pick an rjJ > and starting from Xa» 
return to step (i), minimizing 0(X,fjj). 

Once the algorithm has come in a feasible domain, all the 
subsequent solutions generated will also be within the 
feasible domain, since the constraint boundries act os barriers 
during the mlnimizatipn process. 

The oOnstraihed nonlinear' programming, problems of the 
current study have been converted into unconstrained nonlinear 
programming problems through the use of exterior penalty 
functions* Davidon-Fletoher-Powell method (DPP) to 
find the search direction S and cubic interpolation method 
to find the appropriate step length a, are then employed to 
find the minimum of the objective, function* Oho steps involved 
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in the solution of the constrained optimization problem may 

be summarized as follows: 

(i) fhe solution is commenced from an initial calibration 
ooeffioionts of X-jj a suitable value is chosen for 
the penalty parameter r and counter k set equal to 1 • 

(ii) The modified objective function 0(X,r|^) is minimized 
to get Xjj. using DIT algorithm end cubic interpolation 
method as explained in stops (iii) through (vlii) * 

(iii) The algorithm starts with the initial point X-i and a 
Mx Npositivo definite syinmetrix matrix [h]-|» where 

M is the number of design variables. The int oration 
number is set equal to 1» 

(iv) Ihe gradient of the modified objective function, 
at the point 3^ is computed, from which, the search 
direction is found as 

- [hJj^ V 0 i .. ^5.14) 

(v) The minimizing step length in the direction Sj^ is 
founds using the cubic interpolation method in four 
stages. First, the search direction Sj^ is normalized 
BO that a step size a ,= 1 is hcbeptable. Then, the 
direotional detlyativbs of the function 0 are used 

to est hbllsh ■ ’bouiide . on . a#' as ■ i'^o slope has" to change ^ 
from a negative value to a positive value, if the 
minlmuin has been braoketed. In the third stage, on. 

• approximate value of a* is found by representing 0(ct), 
In the bounded inteirval , • by a cubic polynomial, Biis 
oubio polynomial is refitted In the- fourth stage, if 
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tho value Qt a* found in the third stage does not 
satisfy the convergence criteria. A better point 
in the design space is then found as 

.. (5.15) 

(vi) -Bie new point is tested for optimality. If 

^i+1 optimal, the iterative procedure is terminated. 

(vii) Otherwise, the [h] ^ matrix is updated as 

=»[h]^ + [m] + [N]j_ .. (5.16) 

\ ^i 

where, Mj = j tr >• 

4 \ 

([Hj 5i) , .. 

^ 5f [H]i 5i 

and V)2^l+1 - (5.18) 


(viii) ^ new iteration number i is set equca to i+1 and 
the new iteration commenced from step (iv) * 

(ix) is tested for optimality. If it is optimal the 
process is terminated > 

otherwise the penality parameter is modified as 
* rj 5 .+^ where o is ^eater than 1 ♦ 

(x) Ihe now value of k is set equal to k+1 , the new 




starting point X-) sot equal to X^j. and the next minimi -, 
zatlon cycle is commenced from step .(ii)* 

Calibration of parameters A and ^ 

Ihe revised value of friction, factor f^ is obtained as 


H 


Wi 


( 5 . 19 ) 
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where, 




the value bf friction factor for the ith 
interval as used in calibration just completed, 
the value of friction factor for the ith interval 


to be used in the next iteration, 

y 

— the peroontoge of total trips oocuring for ith 
travel time/cost interval observed from the data, 
GM^ “ the percentage of total trips oocuring for ith 

travel tirae/cost interval obtained from the model, 
and = number of travel time/coat intervals, 

IPhe objeotive is to minimize the sum of the squares of the 
difference between the values of friction factors used in the 
calibration just completed and the value to be used in the 
next iteration > i»e, , 


Minimi zq 


NT 

P = S [fi - ti] 
i=1 


.. (5.20) 


The oonstroiint is that the differenoe between the observed 
trip lengths and the trip lengths obtained from the model should 
be equal to + 3 peroobt of the observed trip lengths. Therefore, 
the constraint oan be written as- , 


c 


ABS '(TOB^ - 


] 

-- 1 < 0 


.. (5.21), 


where, iOBj_ the; obb^rVed. trips fo.r::eaoh travel , time Interval, 
and TGMji^ - the trips observed from the model for each travel 

time interval. 


This turns out to be a mathematical problem, of minimization 
which oan be handiod easily by. optimization technique, dealing 
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with nonlinear oonetrained optimization problem, yftien the 
above constraint is satisfied the value of A and p: are taken 
as the final calibration coefficients. 

5«3«1*5 Solution of the trip distribution problem 

The distribution problem is formulated as 

Minimize 2 = E 2 ♦, (5.22) 

^ i) 

subject to I %j = Pi .. (5.23) 

S tij = a^ .. (5.24) 

- ^ ^ ®0 •• (5.25) 


tij >0 (5.26) 

Constraints (Eqns. 5.23» 5.24 and 5.26) are linear while 
entropy constraint (Bqn. 5.25) is convex. Further the function 
is strictly convex in the region defined by linear oonstraints. 
The objective funotion and the constraints are also differenti- 
abBse (Evans » 1973)« These conditions guarantee that a. solution 
to the Kuhn-Tuoker stationary point problem also is a solution 
to the above minimization problem. The oost and entropy both 
are decreasing functions of P, as such in the optimal solution 

.. (5.,27)' 


Since - B(t;Ljj(P)) is strictly decreasing, the above equation in 
the socaar variable p has a unique solution . To start 


With , p is replaced, by Pq which has been estimated from' tho 
trip, matrix. Tho function values - B(tj|_^(P)) are ■ calculated 


as follows s 
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As the first approximation of tj^^ " 
following relationship is assumed 

'^13 = A Exp (4 Oij) ,, (5.28) 

Using the Eurness or oross factor techniques as described by 
Martin et al« (I96I), the proacrihed marginal totala,pj_ and 
a^»are obtained by successive adijustmcnts to row sums ,and 
column suras, The iterative process is briefly described 
in the following steps : 


(i) 


(ii) 


(ill) 

(iv) 


(v) 


by making a summation over each row,®!^# = | is 
obtained, 

new A values are computed as 








old 

H 


T, 


i* 


and 


L’j A values are computed through 

nold 


T. 


now 


id 


summation over each column gives = S 
new 

if marginal totals are nearly obtained or within the 
specified tolerance, then the iterative procedure 
stops I'else it is repeated i.e. , go to step (i); the 
toloranbe used is approximately the one which is given 
by Marks ijoi C^9tO) 

Pmln 


^raax 


= raax 
i 


T. 


1'# 


max 


%ax 

35X0 algorithm stops when , 


^min 


= rain 

i 


^ min 



1 


1 
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Pmax ®lnajf ' — < 1 + — — . 

%iin ^ ® 

Hie tolerance can also be taken as (1 + 0,03) Instead, This 
means that there exists an S > o , 3 uch that , 

^ j j ^ Pi I ^ B i = 1 ,2^ , .,n 

I 2 (fj ) -• Sj ) < g j = 1,2,.,,n 

Thus after having obtained the solution the corresponding 

entropy - ^ (p )) is obtained. 

5.3*2 Combined Distribution and Assigmient Problem 

5 » 3* 2.1 Problem formulation 

Itaffio assignment phase provides an estimate of 
the flow tj^j to be assigned to various links in the network. 

The two fundamental traffic assignment principles enunciated 
by Wardrop are ’user-'optimizing assignment * and ’system 
optimizing assignment’. Some of the oombined distribution and 
assignment problems (^uynooghe, 1969; Potts and /Oliver , 1972; 
Evans » 1 97 3 > Daf ermo s , : 1974 ; and Plor l an, Fguye n~and iPerl and ,1975) 
are based on user optimizing principle. But an important 
question is whether the user optimizing principle, that traffic 
will tend to settlS in an b^niiibriuni state when ho driver 
oan reduce his journey time by choosing a new route, Is a 
sound behavioural assumption* This model primarly based^on 
Indian oity oondiitlonsjuses the system optimizing formulation . 
of the pto.bleta, Ihe road network is. represented mathematioolly 
by a diredted greqph e.o: sisting of oolleotlon of vertioes and 
links >. Ths TortioSS' n ?Ssent Sones oenttolds or ciajor 
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intersections, A two way road, is Tepresented by two oppositely 
directed links. To start with it is assumed that the flow 
from i to j, given: 

Let, lip = link p, p = 1,2,.....,NL 
yp = capacity of the link p, 

Op “ cost per unit flow on link p, 

(i,J,q,)~ path number q between i and 
NL ~ total number of links, 

TNj_j ^ total number of paths between i and j, 

» the link inoidenoe matrix » 
p if Lp e (i,j,q) 

' 0 otherwise 


The oost per unit flow on any path (i,j,p) is thus » 


NL 

S 

p=1 



pq 


Let he the flow along the path q from i to Then the 

asfligment problem for the given can be formulated for 
minimizing the total cost as 


Minimize To 


S E E S 0 ^ ^ 

i i a p P pq. q 


subject to : 2 S, S ;ih; 




irV 


j a p 


p 1 ,2,.» NL 


.. (5.29) 
.. (5,30) 


,E x^^ « tj j for all i,j ( 5 . 31 ) 

q 


2 ® q - 1 ,2< * . , i=i^2-^»>m; j~1,2t ..,11 

The abov’e assignmeh'b' problem for the given t^i^j oah easily be 
.combine I wH?h the .dlstribntioi problem of sub^-section 5*3.1 - 
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by addiixg the entropy, the produotion and the attractions 
constraints and allowing tj^^ to vary. 

35ie resulting formulation of the combined distribution' 


and assignment problem with the variables as t^j 
be written as 

and 

can 

Minimize To 

= SELZ G 

i j q p P pq *q 

• • 

(5.32) 

subject to 21 

5 *4^ < yp . P=i,4..,in, 

• e 

(5.33) 

S - 

q ^ 


• * 

(5.54) 

5 *13 “ 

' Pi » i = 1 > 2r • • • • 

• « 

(5.35) 

1 *13 “ 

> 3 ~ 1;2f**«*n 

• f 

(5.36) 

-E 

13 ^ 

log > Bq, for all i, j 

% • 

(5.37) 


2Ms problem is essentially a network flow problem with 
capacity oonstraints given by Bcjn. (5*33), flow requirements 
given by Bqn. (5«34)> along with the marginal totals of the 
origln-destina-tipn matrix as also the. aooessibility require- 
ments of ; tli©:f?;qw 

3he above formulated, pro-biem is linear except for one 
oonstrednt which is the accessibility requirement. This 
constraint is strictly convex* The feasibility region for 
t^jj is thus oonvex and is boundod because of produotion and 
att:p.aotion constraints aj id t^^ > 0.. An equivalent foimulation 
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of the problem is 


Minimize 

TC « 2 E Z E 0 a^^ 

i j q p P P4 1 

#. (5.38) 

subject to 


.. (5.39) 


1 - Xtij = 0 , an a,b 

.. (5.40) 


1 

.. (5.41) 


> 0 , all i,j,q, X> 0 

.• (5.42) 


S tij = Pi all i 

.. (5.43) 


1 ■‘^ij = aj ♦ all 3 

.• (5.44) 


■ ±1 ^ ^ ^ 

.. (5.45) 


t^j > 0 , all i, i 

.. (5.46) 


The if0lationa 5 #38 to 5*42 oan, be looked upon as a linear 
pro^am in the variables and with v^iablo coeffioienta 

Hi* belong to the convex, bounded and closed region 

defined by the constraints 5*43 to 5#46. ®iis combined problem 
of distribution ahi asslgi^eht may: be reformnlated into two 
equivalent formulations* namely, aasignment , submodel and 


gravity submodel, the successive solutions 
whole problem* 

Assignment submodel 

i1 id 

Minimize TQ;^ ? 5 5 « 

X J 4, P 


of which solve the 


(5.47) 


• a 
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subject to 

2 2 2 
i d P 

®t)q *q - 

’'p 


.. (5.48) 


2 

q ^ 

- ^^3 = 

0 1 all 

a,b 

(5.49) 


2\ 
k ^ 

= 1 



.. (5.50) 


q 

> 0 . T't 2 0 


13 

*q 

.. (5.51) 

where, is 

the variable in addition to 

"^id 


its variable oo efficients. 


When the lagrange function is foimed» 


Lg = S 2 S 2 e 

® i 3 q p 




+ L « (S L E - v«) 

p *’ i 3 q ^ 


+ 2 2 « 
i 3 





I + 6(1 - |\) 


.. (5.52) 


The constraints of the dual problem are obtained by 


differentiating Eqn. (5.52) as, 



2 

P 


) 

p pq 


+ 2 
P 


754 


pq 




.. (5.53) 


^.h =. 2 2 ax . tlf. -fi >0 .. (5.54) 

d 1 d V ^ ’ 

It is assumed now that (^^^^ optima,i 

solutions to the ashighment JShW^®^ and its hnal tespeotiyely 
Then a new point t^j giving an optimum value of the objective 
function can be found if there is a trip matrix t^^ suoh that , 


1 3 ®i3 *ii 


S <■ 0 


• # 


(5.55) 
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Gravity submodel 



Minimize TOq. = 

1 ^ “ij *ij 

.. (5.56) 

subject 

to 2 tj 

i 

, all i 

.. (5.57) 



, all j 

.. (5.58) 


-f r^- ®0 

.. (5.59) 



0 


5. 5. 2. 2 

Solution of the 

combined distribution and 

assignment 


problem 


Ottie oomblned distribution and assignment problem has 
been reformulated into equivalent formulations of two submodels, 
namely, assignment submodel and gravity submodel. A successive 
solution of these submodels produces a solution of the whole 
problem. Die iterations are described by the following algorithm. 


Step 0 (l) Initial values 8^ are chosen. [The value of 

oan be taken os per the stortest path algorithm, 
and 6^ oan be set to 

Step s (ii) For i j » gravity submodel is solved. 

, 'S'''' 

Iiet tlie sbiuiioh be t^j. 

(ill ) If ,| i: t^^^ added to the new 

point t^j in the assignment submodel and go to step 
(iv); otherwise stop, 

(iv) Solve the assignment submodel which is a linear 


program of the form, 
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Mlnimiza = E S S E Op .. ( 5 . 60) 

subjeot to S S E p=1,2,.,Hi .. ( 5 . 6 I.) 

P = ''.2.-.M •• (5.61) 

I ■ i=1 *13 “ ° ’ .. (5.62) 

S Xi “ 1 .. (5.63) 

1=1 ^ 

> 0 , Xt > 0 

q - » 1 - 

...Its dual oan be ' formulated as 

Maximize ^ ^ •• (5«64) 


aubjeot to |(op“^ tar all p,i,3 


^/id 


“*6 2 | • • • ^ 8 
„> 0 » P„= ^2. 


.. ( 5 . 65 ) 
., (5.66) 


(Kio du&l v8i1u 8S fitnd 6^ 'to outer (ii) &iid (ill), 
is proceed to (iv) if needed. 


Ihe linear pro^^ to, solve the aseigninent submodel , 
is of considerably large size>both in terms of number of 
variables and number of oonstraints. Solution of the linear 
program is iterative procedure. To reduce 

the size of the problem only significant 0-D pairs may be 
oonsidered. 5Jo further reduce the number of variables only 
two or at the most three alternative paths between each pair 
may be oonsidered. 'Ihe Shortest path is always oonsidered along 
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with one or two alternative paths that are next to the 
shortest one* 


When a solution to the linear programming problem 
is obtained, then the possibility of allowing more alteri^tive 
paths to enter oan be cheoked by calculating the reduced cost 
.for all variables* The reduced cost for the variable 

Vi 

^ °P " I ’'p - “ii ..(5.67) 


Let the dual solution obtained be for the set of 

paths Oonsidered* If 2 (o^ + a^^ < for some path, 

then this path should enter the set of cdternative paths. 

The paths of least reduced oost is one with the, smallest value 
of 2 (c« + ^) • This is the shortest path between 1 and j. 

P F F PHL 

rfhen the link costs are greater than then a solution 
to problem iv h,as been obtained, as it is not possible for 
any of the remaining paths to reduce the objeotivo function* 


5.4 model APPLICATION . ■ 

The combined distribution and assignment mo(iel as 
formulated in sub-sootlon 5.3-2*1 has been tested on the, olty , 
of Ka3!]pur ,'as a pilot implemontation of the algorithms . developed 
This pilot application brought clearly into focus the various 
issues assooiatod with the model as presented in the following 
sections, 

5*4,1 Strategy for Model Applioation 

O^loai Indian oi ties lika Kanpur have multlmodes 
of travel aval leible on the roads* Btirther the data of various 
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socio economic and travel aspects as available are limited. 

The strategy for model opplication has to be well planned. 

Given the traffic generationj the model performs the 
trip distribution and traffic assignment phases by minimizing 
the system travel cost, Kanpur city has in general six major 
modes of tr.avel_ . i lliese' modes ha-ge significant 
variations in operational characteristics. A comprehensive 
study to estimate the travel coat by different modes on the 
roads has still not been carried out. In the absence of the 
related information and various other constraints, travel time 
is taken as a measure of travel cost in this model. Ihe 
Decision Process Models of CJhapter 2 perform the modal split 
after the trip generation. It is planned that^after the 
modal split, the distribution and assignment phase be carried 
out soperately for eaoh mode of travel. This will result in 
system optimization within each mode. 

The model is applied both for work and education trips 
for whloh the household survey data are available, Ihe Kanpur 
road network as shown in Pig. 2.1 indicates that in making a 
trip beliween an 0-D pair not many alternative, pnths. are- availhble. 
This is because of very limited’ number of : links in the network. 

In some of the situations only one path may be available. The 

ohoioo of path depends upon the travel time/travel coat as the 
^ev©l of seryioe is- ageooiated with the links, of the path. Motor 

vehicles while ohooslng a particular path do oonsider the rood 
conditions, traffic interactions , obstruptlons like intersections 
etc, mon ths alterr ative paths. Slower vehicles like bicycles 



and oycle rikahaws are generally not affected by the traffic 
interaotiona of other vehicles, though they themselves 
significantly affect the flow char aotoria tics of motor 
vehicles. Iheae slow vehicles consider distance as a major 
measure in choosing a path and thus generally aiw^s opt 
for the shortest path. Bicycle and cycle rikshaw trips are 
distributed as per the gravity submodel, but due to the above 
mentioned constraints it is proposed to do away with the 
assignment submodel and these trips are assigned to the 
shortest paths. But for the motor vehicular modes (car, bus, 
raotoroyole/soooter) distribution and assignment, aspects are 
oarried out as per the model both for work and education trips. 

The model requires an input of the alternative available 
paths between eaoh 0-D pair, and estimates the flow on each 
of these paths* In this study only two alternative paths for 
eaoh 0-D pair are considered. Biese include the shortest 
travel time path and the one with next higher travel time, 

I*or some of the 0-D pairs only one path had to be specified 
when no other alternative is available. (Dae network as 
considered in this study (Jig. 5.1) contains 312 unidireoted 
links, and the alternative paths for 236 significant 0-D pairs 
are listed in i^pendix II. 

5*4.t.1 link capacities 

The model inoludos the link capacity constraint while 
assigniiig the trips* The capacities of each of the links need 
’to be specified* As in this study the distribution and assign- 
ment phase flro, taing done, seperatel; for each mode the link 
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oepaoiliy should be specified also separately for eaoh mode* 

In heterogeneous traffic conditions, it is also difficult to 
specify a oomraon measure of oapaoity. A great deal of planning 
is needed in estimating the link capacities. The city is 
having roads of only three standards >namelyj dual carriage ways 
used by all modes ♦ 2 to 3 lane wide roads having all modes of 
vehicles moving under stable flow conditions; and roads 
highly congested and having predominantly slow moving vehioles. 
Assigning tho observed trip pattern along the shortest paths, 
the link flows are estimated* For each of the different road 
tj^es tho heavier link flows oro identified and mode wise link 
oapsoities are estimated, Bach link of a particular type may 
not have the same oapaoity level for a mode as the traffic 
Qompositions are varying on links* Die observed link flows 
during peak periods also help in the final estimation of the 
mode wise link oapaoities* It may be worth mentioning that 
lot of judgement is involved in estimating these link oapaoities. 
The values as estimated are quite reasonable under the operat- 
ing conditions. Diere is a great need to investigate this 
aspect in detail. 

5 * 4 . 1 , 2 Ssieotion of significant O^D pairs 

Die model involves a large magnitude of core capacity 
because of the re<luir©ment6 of the work vector, the coefficient 
matrices and resource vector inbuilt in the linear programming. 
The oase study involves 3^ 2 unidirected links (m.| ) and there 
are aUnost 297 0-D pairs ) that oontrlbute the interzonal 
trips* This results in (m<|+n|+1)»that is* 610 inequality 
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constraints, iflie work vector dimension is ((M^+M2+2) * 

(M'J+M2+2) + 3 ^ + 2M2 + 4), where Mj and M2 are the 

ine<iuality and equality constraints respectively. In this 
ease M2 is ^eto as there are no equality constraints. It is 
observed that the available DSC— I09O system is not capable of 
handling the problems of this magnitude. It is noticed that 
the number of interzonal transfers for some of the 0 -D pairs 
are very insignificant, i\irther for some o’f the 0 -D pairs 
only one alternative path, that is, the shortest one is 
available, 5 b reduce the magnitude of the problem without 
any significant impact on the results the following strategy 
is adopted, 

(i) Criven the trip generation by particular mode, the 
trips are distributed as per the distribution model 
to obtain tj^j • 

(ii) t^j matrix is inspected and those 0 -D pairs for which 
there is only one alternative path are seperated, O-D 
pairs having very insignlfloant interzonal transfers 

, are also seperated. The remaining significant 0 -D 
, pairs are used; for further analysis * 

(lii) The trip production and attraction values are modified 
by deleting the oontribution of insignifioant 0 -D pairs, 
(iv) Oiven the revised trip generations, the combined trip 
distribution and assigmont phase is carried for the 
remaining, sightfio^'t pairs. Interzonal transfers 
and the U»lc flows are estimated# 
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(y) 3he transfers associated with the deleted 0-D pairs 

of step (ii ) are assigned as per the shortest paths 
and oombined with the values obtained from the model 
in step (iv)* 

As we are deleting 0-D pairs contributing only 
insignificant transfers and assigning them by shortest path, 
the final results will not have any appreciable variation from 
those whioh oould have been obtained by considering all the 
0-D pairs* For the case study » at moat 100 significant 0-D 
pairs are identified for some of the modes. 


5,4,2 Gravity Sutoodol 


Ito start with, the gravity submodel is to be calibrated 
so as to establish the relationship for the friction factor 
f^j » A BXP (-|J qO^ j ), !JhQ ooefflolents A and Pq are to be 
oalibrated by an iterative process until the simulated and 
observed travel time frequenoy distributions vary within 
+ 3 percent. Using the observed trip generation matrix and 
some assumed values 'of A and Po 1,00 and Po =0*30), the 
trip matrix, t^^ ,is evolved and frequenoies for eaoh travel 
timO group ore do^oimined# dfee value of friction factor for 
eaoh of the travel time group is revised as follows. 


For a particular travel time group (l) the friction 
ODi 

factor tJ given in .Bqn.(5*19).. A now friction 

factor of the form as in Bqn.(5.1l) is to be fitted to all 
the revised friction footer values, Biis relationship Is 
established by fm iterative process, DFF method 



with the penalty parameter ,r ,to find the search direction 
S and cubic interpolation method to find the appropriate 
step length oc» A number of iterations are to be made for 
estimating the calibration coefficients A and Ihe 

friction fao tor-travel time for some of the iterations in 
case of work trips by transit mode are shown in Figs. 5,2 
to 5 »7» A comparison of the observed and simulated travel 
time frequency distribution for some of the iterations ere 
also shown in Pigs. 5.8 to 5.1 “I. It is observed that with 
each iteration the simulated values oome closer to the 
observed ones. In case of final iteration (Fig.5.1 1 )> the 
observed and simulated frequencies are within the tolerance 
of + 3 percent* It is noted that the value of A is always 
unity* lUhe final calibrated values of Pq are given in 
Table 5*1 for each of the modes, for both work and education 

trips* The number of iterations varied between 6 and 18 and 

2 

the value of R is very high* The procedure of constrained 
optimization as adopted in this study is definitely better 
than the other usually odopted procedures (sub-seotion 5 •3*1 * 2)1 
The calibrated values of P q given as input to the combined 
distribution and assignment model. 

The next task is to choose the entropy constraint Sq* 
The choice of 33o is synonymous to the calibration of the 
gravity submodel. Starting with P >= (as calibrated above) * 
the tjLj matrix Is of the form 

« 0^ Dj BXP (- P Oip (5*68) 

The const and- Dj are. adjjusted till the marginal totals 
are ohtai;n.ed (sul ^.section ■§*3.1*3)* mp matox has an 
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• 5-4 FRICTION FACTOR -TRAVEL TIME RELATION 




TOR -n FRICTIOH FACTOR 


WORK TRIPS 
MOOf: BUS 
9th ITERATION 


TRAVEL TIME(Minutes) 

IG-5-6 FRICTION FACTOR-TRAVEL TIME RELATION 


WORK. TRIPS 

mode: bus 
12th iteration 

/9.= 0-023A 


20 AO 

TRAVEL TIME (Mii.uUc) 


FIO.8'7 FRICTION FACTOR-TRAVEL TIME RELATION 




FREQUEfCY " PE R C£N T 



FK'j.rvn THAV;?', TSM£ FREQUENCV DiSTRaUTION 

.1 I r- U *- . % f ^ .;f ' i ■ O lii / 





FREQUENCY ' PERCENT 


WORK 1RIP5 
Mode-. Bu& 


C) I ^ ^>c r V 1 t r J p 



cnrnuFN'^Y DlSTRlBllTlOH 
FiG‘5*n TRAVEl TIM*- FREQUt 
"" " tterution) 


224 


{PABBif 5.1 : J'lMI/ OALIBRAiTBD 00EP5‘I0 IBNT(Pq) POR SHB REMTIONSHIP 
^13 = ^ (-Po“l3> 


!nrip purpoa© Mode Pinal Pq Ro. of 

iterations 


Work trips 

Walk 

0.0358 

0.98 

12 


Bicycle 

0.0560 

0.97 

15 


Motoroyole/ 

scooter 

0.1079 

0.99 

18 


Oar 

0.1216 

0.96 

8 


Bus 

0.0234 

0,98 

12 


Oyole 
rikshaw . 

0.0700 

0.97 

15 

Education 

Walk 

0.0780 

0.97 

6 

trips 

Bi oyole 

0.0782 

0.96 

6 


Motoroyole/ 
s 000 ter 

0.3744 

0.96 

9 


Bus 

0,1011 

0.98 

9 


Oyole 

rikshaw 

1 . 

0.1251 

0.97 

12 
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acoessibility Bq ~ E(t£j((i)), 'Pho •. syatom demanda 
that the aooeasibility E should be at least what it is at 
present (B,o). Hhe functional value -B(tj^j(tJ)) is calculated 
in the following way . 


Taking the first approximation of t^^^ as 
which is taken as, 

= A EXP (-§ Oij) .. (5.69) 
This is revised through an iterative procedure (sub-section 
5.5.1.5) which stops when row sums and column sums are close 


to the marginal totals such that 
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After having obtained the solution the corresponding 

entropy - is computed. 

Using the iterative procedure (sub-seotion 5. 5* 1*3) 
the solution of the trip distribution model for each of the 
mode for work and education trips are obtained. The maximum 
and the planned entropy values are given in Table 5.2. In 
each of the set the planned accessibility indices )E jare 
higher than the existing values 'Sq» Each solution involved 
a number of iterations ranging between 15 to 32, It is 
observed that for education trips more number of iterations 
are performed than those for the work trips. This is due 
to less number of education trips which makes the convergence 
slow, 

5,4-*3 Combined Distribution and Assignment Model 
5. 4* 3*1 Selection of slgnifioant node pairs 

The oomblned model involves the interaction of the 
gravity submodel and assignment submodel. Due to large 
req,uirement of the work vector, it is decided to Ignore some 
of the insignificant node pairs v/hllo solving for the combined 
distribution and ass igMent model. The t^j matrices: of different 
modes both for work and education trips as obtained from the 
solution of the trip distfibutloii raodei (siib-sootion 5, 3. 1,3) 
are inspected and those pairs which have very little interzonal 
flows or for which there is only one feasible path are eliminated. 
Taking only the remaining significant node pairs the trip 
generation values are updated Ijo be provid;ed as input for 
the combined model* tether -'nly the trips performed by oar, 
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TABIiE 5.2 ! MAXIMUM AUD PIiANHED BlifIPROPY VAIjUBS 


[Drip 

purpose 

Mode 

Maximum 

entropy 

Planned 

entropy 

(E) 

No. of 
iterations 

Work 

Walk 

6,701 

5.725 

24 

trips 

Bioyole 

6.818 

6.296 

15 


Motorcycle/ 

scooter 

6.499 

5.445 

16 


Oar 

5.054 

3.618 

25 


Bus 

6.387 

4.982 

24 


Qyole 

rikshaw 

6.472 

4.978 

20 

Eduoation 

Walk 

6.548 

4.986 

30 

. trips 

Bioyole 

6,355 

5.332 

18 


Motorcycle/ 

scooter 

4»788 

3.052 

28 


Bus 

5.892 

4.749 

26 


Oyole 

rikshaw 

6.401 

4.784 

32 
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bus and inot02?cycle/scooter are taken for model solution, At- 
most 100 significant node pairs are selected for some of the 
modes. In. some cases the significant node pairs are even less, 

Qhe computations of trip distribution submodel have so 
far used the shortest path for the generalized cost matrix 
Ihe solution of the programming model is aimed through succes- 
sive iterations of trip distribution and traffic assignment 
models as per the algorithm described in sub-section 5 « 3 « 2 « 1 , 
G-iven the list of acceptable alternative paths for each of 
the oonoerned 0 -D pairs, the assignment submodel is run to 
evolve new oosts These in turn find their way to replace 

the earlier values. The gravity submodel is run again which 
provides a new distribution matrix to feed the assignment 
submodel. The iterative process gets terminated when a stable 
solution is obtained, 

let ( 3 ^^ , ) and ( tL, a.., S) (sub-section 5 . 3 . 241 ) 

. (j fc 

be the solution to the assignment problem and its dual respect!' 
vely for a partioular case* The value of the dual variable 
iphas the link oapoclties ; .yp ,,as its opefflcients. The dual 
cost ooeffioienlfs. ^ijj pignifioantly affeot the, ob^jeotive 
function. The 'initial yaiuie'a of i®, php.een according to 
the shortest path algorithm and 6 can be set to To minimize 
the number of variables only two alternative paths are oonsl— 
derod between oaoh node pair, Ihe shortest path is aly/ays 
considered and the second is the next best to the shortest. 

When solution to the. linear programming problem is obtained > 
it. is checked Lf any more paths should • ent* r the: problem by 



calculating the reduced cost for all the variables* 2he 
reduced cost for a variable is 
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Z C 
P 


P 


pq 


+ s 

p 


P P4 ij 


•• ( 5 . 71 ) 


If for some path 2(cp + tc^) ^^len this path enters 

the set of alternative paths. Ohe paths which is the shortest 
between i and ;j when the link costs are (cp + Tip) is the 
one with the smallest value of 2 (Op + ip) , The 
algorithm is toiminated at a particular iteration, say k,when 


2 2 “f"’ t?. > 6*'-^ 

i j ij ''ij ^ 


( 5 . 72 ) 


lor the case study the Iteration process of trip distribuion 
and assignment is generally terminated in only 2 to 3 iterations. 

The oonvergenoo is so fast because not many alternative paths 

, > 

are available for the given road network. The GPU time 
required for each iteration is about 7 minutes, when 100 signi- 
ficant node pairs are considered. The algorithm is computation- 
ally quite efficient and is capable for application even when 
more alternative paths could be made avollabie. The assignment 
is done by system optimizing principle and the value of the 
objective function along with the number of alternative paths 
entering the solution for .eaoh of the set ore given in Table ' 5 . 3 • 

Trial funs Indicated' that the vailues of link capacities 


signiftoantly affect the number of alternative paths ‘entering 
the final solution* Duo to various ooristraints of time and 
resources, the detailed investigations on th© sensitivity of 
the link oapooitios oould not. b® done, The model output 
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TA-BI® 5.3 : OBJBOTIVS FUNCTION FOR DIFFERENT MODES 


Trip 

purpose 

Mode 

Objective 

function 

value 

No. of alternative 
paths entering the 
solution 

Work 

trips 

Motorcycle/ 

scooter 

187488 

103 


Oar 

36786 

50 


Bus 

182125 

107 

Education 

trips 

Motoroycle/ 

scooter 

10740 

23 


Bu0 


166237 


105 
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indioa'fces thal; the final values are considerably changed 
than those obtained in the initial run of the distribution 
submodel. 2he aocessibility, that is, the entropy B as 
explained in sub-section 5. 3. 1.1 is computed for the model 
output of the tj^j matrix, ffliis Is compared with, the maxlmiM 
value of the entropy, ax of Bq for the initial trip 

matrix, fihe values of the entropy for different sets are 
given in Table 5»4» The planned entropy B is significantly 
higher than the existing entropy Bq for all the oases. 

5«4»3*2 Analysis of itfodel output 

A model is of relevance only when it is validated. 

For the case study of Kanpur, the available household data 
provides the trip distribution matrioes for different modes 
of travel, but no information is available about the paths 
chosen by the trip makers. It is thus possible only to have 
the validation of the trip distribution aspect which is 
interacting with the traffic assignment phase in the model. 


The observed and simulated freq.uBncies of trips for 
each of the travel time groups are shown in Figs, 5.12 to 5.15 
fdr different trip types by each mode. Trie comparisons indicate 
that the simulated values are highly close to the observed ones. 


A oompariaon of the, pbseryed aad simulated, interzonal transfer 
values, i,e., tj^^ of work trips for different modes are shown 
in Figs. 5.16 to 5.18., Oomparison of the work trips for 
interzonal transfers by bus and oar shown in Pigs. 5.16 and 
5.17 indicate that the values as obtained from the model 
are within 4 1# percent of the, observed ones. Further the 
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SM3 JSNVHi wNozaaiNi oaivinwis 


OBSERVED INTERZONAL TRANSFERS 

FlG-5-17 COMPARISON OF OBSERVED AND SIMULATED INTERZONAL 

transfers 




values are well distributed on both sides of the 4.5 degree 
line indioating a good fit. In, case of vrork trips by motor— 
cyole/soooter, the variation is slightly higher, but equally 
distributed on each side of the 45 degree line. Ihla compari- 
son indioatos that not only the simulated travel time freQ,uen— 
oies are olose to the observed ones, but each value of the ^ij 
matrix also oompares well. A sufficiently high value of the 
entropy further enhances the capability of the model. 

The assigned flows on each of the alternative paths 
x^^jfor the significant 0— D pairs are obtained from the model 
for each of the sets . Bie t^^j values for the insignificant node 
pairs are assigned by the shortest path as explained earlier. 

From the complete assignment , the flows on each link are 
determined. Fig. 5.19 shows the flow on different links for 
work trips by mo tor cycle/ scop tor as finally obtainel, along 
with the values of the flows » when all interzonal transfers 
are assigned along the shortest paths. The comparison of 
the two link flows Indicates that even for the pity of Kanpur, 
where not many oltornaHt* paths, are available, flows on ; 
some of the links do get affected while optimizing the system 
costs, Jih© detailed analybib d'ould hot be carried but due to 
laok of information on the paths chosen by the trip makei?s. 

The results Indicate that the algorithms for the 
combined distribution and assignment models are computationally 
quite efficient. Further the strategy adopted for selecting 
the significant 0-D pairs and then having a combined distribution 
and assignnent for thcise pairs are. quite efficient for the large 
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SUMMARY AND 00 NODUS IONS 


6J SUMMARY 

Proo^as of urban! zaiiloii in devaloplng countries is not 
simply a repetition of what occurred in the developed world, 
rather it ia occurring much faster and under different economic 
and technological conditions, large size developing cities 
generally suffer more from traffic congestion, road accidents, 
environmental pollution, overcrowding of public transport, and 
poor conditions for pedestrians. 

In the last three deoades planning of urban transport 
has changed dramatioally and a large number of models have been 
developed for various stages of the travel forecasting process* 
IThese models depend on a high level of oar ownership and a 
relatively homogeneous distribution of land use at low density, 
The oities in developing countries have lower income level, 
multiple modes of travel, hoterogenopus distribution of land 
use at high density and poor toansport facilities. The factors 
that generate trips Snd which determine mode choice among the 
low Inoome ^oiips are not well un(ier stood and cannot be deduced 
from ejtperienoe in. dove ibped : countries* a! study of Indian 
social structure in relation to. travel habits is necessary to 
develop trip generation models. 

The aim of this study is to develop system of models 
appropriate for Indian urban structure, which given a Ifinowledge 
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of iQ-nd use^ household oharacterlstioS} suid available transport 
facilities oould estimate accurately the intricate jnovonents of 
tr^'ffic on the system by modSt Ihe models evolved in the study 
include i trip production models j mode choice decision models 
based on non-^oompensatory choice processes; simulation of modal 
split and trip distribution as an interconnected decision process; 
and programming model for combined trip distribution and 
assignment* Ihese models could be used to shbw what would happen 
if transport facilities are changed and if over time, the land 
use and household characteristics are altered. The efficient 
methodologies for travel demand models can be evolved only when 
carefully programmed basic data related to the existing situation 
of the system are available. The models evolved are calibrated 
and validated for the oity of Kanpur, the premier industrial 
metropolis of Northern India. The oity is divided into 56 traffic 
zones and the models are calibrated for the base year household 
travel survey data. 

Trip Produotion Models • 

Three trip production models, namely, zonal regression 
category analysis , and household regression models are constructed 
based on the houseliold survey; For the. selection of best 

set of explanatory variables in the ‘zonal end .' housohp, Id , regression ,, 
models » forward stepwise regression method is used. The explanatory 
variables oonsldered for zonal regression are: number of persons 
in the zone» total inoome level for the zone, number of v.ehioles 
of different types in a zone, and zonal trip length. Zonal 
trip prodUotlon relationships are o.bta;;ln©d for the v irfc and 
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education trlpB by modes. CJonaiderlng the type of household 
data available and with the aim to conserve homogeneity within 
each "feyp© of householdf oategoiry analysis is used fon productions 
of work and education trips. Tho household is classified in 
three different ways suoh as family size-income level, family 
size— vehicle ownership, and income level— vehicle ownership 
combinations. In household regression ^proach the analysis 
is directly applied to tho basic household data, and it operates 
on the whole of tho variability which exists in the data at thot 
level. Ihis approach is a combination of better features of zonfiyl 
regression and category ancaysis. Die ohoioe of explanatory 
variables are guided by tho results of zonal regression and 
household olaosifioationB. The explanatory VEiriahles that have 
been oonsiderod arej family size, income level, vehicle ownership, 
and trip length. Iheso variables are further stratified into 21 
subgroups. Because of correlation between the variables, number 
of explanatory variables that 9re found to enter the regression 
equations range between seven and fifteen. 

Mode Ohoioe Deoision Models 

Mode ohoioe decision models of non-oompensatory structures 
are made on the basis oif attiribute by attribute comparison of 
various alternativos. Ihe levels of satisfaction associated with 
each of tho attributes perceived by the person in the decision 

I 

process are evaluated. Based on the concept of decision theory 
maxlmln, maxlmax, and predominant-attribute models are formulated, 
3?he ohoioe of . at tributes, involved in the deoision making process 
is of paramount impbrtanoe. . In a typical metropolit^ city of 
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Indi0 h&ving number of aiijernative modes, the decision maker 
has to aooess his/her own sooio-eoonomic characteristics in 
relation to the oharaoteristics of available alternative modes « 
The attributes considered in this study are: family size, 
income level, vehicle ownership, and trip length. 

The maximin/maximax strategy calls for the identificat^ion 
of least/highest satisfactory alternative of each attribute and 
the selection of the alternative which yields the highest 
minimum/maximum level of satisfaction. Predominant-attribute 
model calls for identification of the most predominant -attribute 
according to the generic importance. Alternative having the 
highest level of satisfaction for the predominant attribute is 
selected. The results obtained from maximin and maximax models 
compare well with the observed data, but the results obtained 
from the predominar.t-attribute model significantly vary from 
the observed values. As such the most predominant-attribute 
model as formulated does not appear to be suitable for the 
oity of Kanpur, This may be attributed to the fact that the 
utility value for ©aoh attribute is taken as the proportion of 
trips for that alternative, or it may be that the mode ohoioe 
decision process is not,, af f ooted only by the most predominant 
attribute. It is dosirablo to test this model for some other 
cities also to identify the appropriate causes for differences. 

Simulation of Modal Split and Trip Distribution 

Different designs for disaggregate models have been 
suggested to solve complex interaction prooeasosi ^'at the 
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implementation has been highly hampered by the methodological 
diff icultieSt Simulation of the complex decision process at 
the individual level is attempted in this study. The model 
simulates modal split and trip distribution eis an interconnected 
decision process* The model essentially consists of status 
group, mode choice » and distribution submodels. Individuals with 
similar constellations of activity constraints are grouped into 
status groups. The individual decision process which is 
stochastically determined fiom the decision profile of his/her 
status group > idontifies the mode choice and trip destination. 

The decision profiloa whioh aot as the major constraints on 
travel behaviour include : distributions of productions and 
attractions; distribution of zonal income levels; distributions 
of travel modOf travel time, travel cost, and employment/ 
education opportunities for each of the status group; and travel 
time and travel cost distributions by mode. The components of 
the model are activated in a specif io opder and with certain 
speoifio feedbacks. The model is so structured that the order 
of aotlvlties of the different components eum b^ easily changed 
as per the framework, of ths study, 

The simulation pro, oodure.firat oreates 8i,n, individual. 
From the origin of the individual and income/ education 

level, the status group is identified, Tie mode of travel is 
identified from tlie deoision profile of travel generated for 
the relevant status group# -©lO mode selected remains fixed 
during the deoision oyole of the individual •a destination 
, oholoe. If it, so happens that the destination could not be 
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assigned, then a new attempt on the seleotion of the mode is 
made, llhe travel time range for the individual is selected 
from the travel time deoision profile of the relevant status 
group* Using the decision profile of employment/oduoation 
opportunities, a set of destination zones that have the "potential 
to attract, and can be reached within the assigned travel time 
range are identified. When more than one destination zones 
are identified, a travel cost range is randomly drawn from the 
appropriate decision profile. Out of the already identified 
set of destinations, only those which can be reached within the 
selected travel cost range are sorted, and the one with minimum 
travel cost is selected provided it has already not been assigned 
the desired trip ends. 

, ’ IChe .e^ validation of the simulation .model is 

attempted by oomperi?ig the model outputs with the observed 
household survey data. Bach of the submodels is validated by 
appropriate measures of effectiveness, so as to ensure that 
they have been assembled into a realistic structure ♦ . OChe results 
of the validation procedure indicate the capability of the model 
to simulate the decision process of the individual in a complex 
multimodal situation. The algorithm is q,uito sensitive and 
alsd flexible enough to incorporate alternative decision prooesses 

O&rograpwiilng Ebdel for Oomblned !Eplp Distribution and Assignment 

An attempt is alsonade in this study to derive models 
4hdt obimbitte trip dietributton and traffic assignment i^to a 
single stage. This model optimizes the system by minimizing 
the total ooet of the system as a whole. GJhe main oomponenta 
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of the model are entropy type trip distribution submodel for 
eaoh mode^and a system optimissed agsigmient submodel. IQie 
oombined model is solved by using the decomposition principle* 

All the constraints of the gravity submodel of the distribution 
problem are linear except the entropy constraint which is convex 
in the region defined by linear constraints, !I?he gravity 
submodel is calibrated by making use of Davidon-Fletoher-Powell 
(DFP) method of oonstraint optimization, 

Ihe gravity submodel through an Iterative process evolves 
the distribution matrix for eaoh mode within the franework of 
the constraints of the given trip generation data, the 
generalized oost, and existing extent of entropy, Bie 
distribution matrix thus obtained is the input to the assignment 
submodel* The assignment submodel minimizes the total travel 
cost through system optimization for eaoh mode considering the 
link costs over the network, (Che dual costs obtained from the 
assignment submodel replace the generalized costs in gravity 
submodel as feedback so as to got the revised trip matrices. 

These two submodels stop inter acting when no further ohange 
in objective function is possible. 

The assignment model requires alternative paths between 

‘U 1 

eaoh 0-D pair as an input* In this study only two alternative 
paths between eaoh O-D pair are oonsidered which include the 
shortest travel time path and, the one with higher travel . 
time* The oapaoity of eaoh of the links also aot as a oonstraint 
while assigning the trips. The model solution involves large 
magnitude of pore oapaoity heoauBe of the requirements of work 
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VaDljor ) 'bha ooQffioiani; and resouroe vector Inbull't 

in the linear programming, Ihe available DSO-1090 system is 
not capable o£ handling the problems of this magnitude. Hence 
it is decided to consider atmost 100 significant 0-D pairs 
for assignment by the model. A strategy is planned for 
identifying O-D pairs having significant number of interzonal 
transfers. (Qie assignment for these significant pairs is done 
by the model. Transfers between other 0-D pairs are assigned 
to the shortest paths, Bfie comparisons of the observed and 
simulated freq,uenoiea of trips for each of the travel time 
groups indicate a close agreement* 3he simulated interzonal 
transfer values ore also close to the observed ones. The link 
flows as obtained from the model oompared with link flows 
v^ben trips are assigned only to shortest paths. The results 
ihdioate that oven for the city of Kanpur, where not many 
alternative paths are available, flows on some of the links 
do get affected while optimizing the system costa, 

6,2 OONOIUSIONS 

(1) The zonal regression eqiuations constructed for work and 
education trips are statistically quite reliable 
indicating the validity of the explanatory variables 
selected in this study. Zonal regression is simple 
end quite manageable, ; Aggregating the basic survey 
data, however, » removes most of the essential variability 

and could give a misleading high’ impression' of' 
statistical aoouraoy* Itirther the zonal regression 
equations mcy not provide an explanation of trip 
productions at levels other than the zonal aggregated 
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data on whloh they are based. Testing the invariance 
of the model over time will judge the capability of 
the model for forecasting trip productions, 

(2) Orosa olassifloation analysis leads to a better 

understanding and explanation of trip generation than 
obtained from zonally aggregated data. Since the 
classification system is independent of zone system, 
the catalogue of oharaotoristio mean trip rates oan 
be applied to any system of aggregation for whioh the 
mixture of household types is known or oan be forecasted. 
Subdivision of households into many types, however, 
provides uneven cell sizes making some of the mean 
trip rates less reliable than the others, 

(5) The household regression analysis has produced 

suffioiently encouraging results to be preferred over 
zonal regression and household olassiftoation. Unlike 
zonal regression, household regression takes full 
account of the variability of the trip data at household 
level and provides a bettor understanding of trip 
productions than gained from mean trip rates corresponding 
to category analysis. The approach is independent of 
the zone system and, the resulting eq,uations are readily 
applioable tp System of areal; units, 

(4) The study attempts to explore the use of models based 
on nonr-oompensatory oholco processes in modal choice, 

These models appear to have a bright future to represent 
the mode choice decision processes. Bie results' obtained 
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from maximin, and maxlmax models for the oity of Kanpur 
oonfiiTO that the hypotheses drawn, from non-oompensatory 
models provide a suffloiently accurate prediotion. of 
mode oholoe decision processes. However the predominant 
attribute model as formulated in this study does not 
provide reliable predictions. It is necessary that a 
broad range of choice models be tested before adopting 
one for explaining the mode choice behaviour. 

Simulation model is capable of simulating the decision 
process of the individuals in a complex multimodal 
situation. (The model simulates the modal split and 
trip distribution as an interoonnected decision process, 
ijie model oomponehts are aotivated in a specific order 
and with oeajtaih feedbacks. (The structure of the model 
is suoh that the order of activities of different 
oomponents can be easily changed if required as per the 
framework of the study. Ihis has been attempted in a 
limited way for the case study. Biis flexibility of 
the model helps to evaluate the alternative decision 
processes, 

Uhe empirical validation of the various oorappneht 
submodels show that the model system is a suffiolehtly 
good replioat ion oic. the complex multimoda.1 situatibhs* 
The model structure need to be extended to ihoQrpora,te 
the trafflo assignment aspeot also. 



IliQ programming model combines trip distribution and 
traffic assignment into a single stage and optimizes 
tho system by minimizing the system cost. The 
algorithms evolved have been suocoBsfully applied to 
a large sizes network and are computationally efficient* 

The procedure of oonstralned optimisation adopted for 
the oalibration of gravity submodel is definitely better 
than the other empirical procedures. Ihe strategy 
evolved for identifying the significant node pairs and 
having a combined distribution and assignment for these 
pairs first, help in solving large size networks. 

The assignment submodel is capable of incorporating 
a number of alternative paths between individual node 
pairs. But the cities in developing countries have 
limited nvtitber of links in the network. The procedure 
adopted in this study of considering only two alternative 
paths in a particular iteration is computationally quite 
effioient without any significant deviations from the 
optimum values. The assigiment algorithm is quite 
sensitive to the link costs and the link oapaoitiesi* A 
reliable estimation of these measures, is of great importance 
The greatest contribution of the study is that tho 
algorithms evolved are praotioal for problems ehoountered 
in olt.ios of deveieping. 6pUn tries i IHrether the validity 
of the various models is clearly established. Tto enhance 
the aohievements of the study, tho models mc^r be further 
refined and tested for a number of cities. 
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APPENDIX I 

DETAIIB Op TRAPPIO ZONES WITH GORDONS MBERS FOR KANPUR GITY 


Praffio Zone 
no, 

( 1 ) 


01 


02 

05 

04- 

05 

06 

07 

08 

09 

10 
1 1 
12 

15 

H 

15 

16 
17 


Name of the aa?ea 


( 2 ) 


Cfordon 

no. 


(5) 


National Sugar Institute, Rise khpur 5 

Banzar, Azad Nagar, Kheora Kaohhar, 
Biehan Kachhar, lakhanpur, Akbarpur 
Kaohhar, Baribazar Naubasta. 

Nawabganj (A) 5 

Nawabgan;) (B) 5 

PLlak Nagar, Benajhavar, Swaroop 2 

Nagar 

Arya Nagar 2 

Gwal Toll, Khalsi Idne 2 

Bhairon Ghat, Soorganj 3 

P arm at 3 

Oivil Linea 2 

MoRobertganj 2 

Naresh Nagar 2 

Rum Bog, Jawahor Nagar, Gandhi Njigar, 1 

Nehru Nngar, Ram Krishna Nagsir, 

Aahok N/3gar 


Sigi^mau (A) 

Ghumangan;), Slsomau (3) 

Talaq, Mohal, Baoongonj , Golonelganj ( A) 1 
Colonelganj (B) 1 

Cl yil lines 2 


Gontd. . . 
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( 3 ) 

1 8 

19 Media Bazar, Naya Ohowlc, Paras Khana, 1 

Biaati Bazar, Boochar Khana, Moolgan^ 

20 Anwargonj, Iftilcarabud, Dalel Purwa(A), 1 

Parag Khana, Nazir Bag 

21 Bans Mandi, Dalel Purwa(3) 1 

22 Rai Purwa, Bhannana Purwa 1 

23 Oooperganj, Icami Purwa 1 

24 Golloctorganj , Dhanfcutti, Ranjit Purwa, 1 

Coolie Bazar, Boochar Khana, Gopergan'J 

25 Ohatri Muhal, Peel Khana, lathi Muhal, 1 

Purani Sabji Mandi, Chowk Patri, Hat a 
Sawfii Singh, Bongali Muhal, Mall Road, 
Narial Bazar, Ohowk Sarafa, Ohapra Muhal, 
Hatia 

26 Civil lines 2 

27 Kursawa, Patkapur, Ohatai Muhal, Peel 1 

Khana, Karachi Khana, Roti Godam, 

Sirki Muhal, Nachghar, Dal Mandi 

28 Generalganj, Naudhara, Ramganj , Nayaganj 1 

29 I-Iarbanah Muhal, Gadariya Muhal, Kac hi ana 1 

Muhal, Daulatgan;], lolottan Muhal, Dana 
Khori )^adhuri 'Muhal, Sutar Khana, Mo ti Muhal 

30 Northern Rallwa,v OoTdtiv 3 

3 1 Contonment (A) 3 

32 Contonment (B) 3 

33 Gangoganj, DeviganJ, Tabedapur, Kejnalpur,3 

Sofipur, Gewakhera, Kazikhera, Ohiandari, 
Pardawanp ur Gaushala, Wazidpur 

34 Pokharpur, Sarai Rumaku, Araai Pardwan-^ ^ 3 

pur, Gangoopura, Wezadpur 

35 Ohakeri 5 


contd. 
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0 ) ( 2 ) ~ ^ (jr~ 

'56 Pendi, Manega, Selchapur, Jena, Kishanpur, 3 

Madarpur, Kulgaon, Khajuria 

37 Roma, Ohalceri (Village), E.kri Paigambarpur, 3 
Tikri, OM-tara, G-orekha, Kishan Magar 

38 ■ Bharpnr Macharia, lalpur, I'odalcpur 3 

39 G.O.D, 3 

40 Babupurwa Munshipurwa, Newhara 3 

41 Kidwal Nagai?, Babupurwa Colony, Azibganj 

Bagahi, Chandart Begampurwa 3 

42 Juhl Hamirpur Road (A) 2 

43 Juhi IChurd, Juhi Hamirpur Road (B) 2 

44 Central Railway Colony 2 

45 Zarib Chowki 1 

46 Kausiialpui’i, Darehanpurwa, Nasimabad, 1 

Krishna JVagar 

47 Kamal Nogar, Shastri Wagar, Vi jay Nagar 2 

48 Sarojini Nagar, Paaalganj 2 

49 Govind Nagar Gobi Colony, Govind Nogar 2 

50 Hnnepur, Blngawcai, Pokhorpur, Aira, Naubaata,5 
Juhi Kaia, Usmanpur, Chorepnr, Zriroli, 

KhehfJral, Vivekanand Nagar 

51 Nowaraiya KherU, Jamu, PanldL 3 

52 Slif.ilipur, Saznnpur, Panki Gangaganj, 3 

I’anki Katra 

53 Arraapur 3 

54 KaJc.Mdeo 3 

55 Bhinekhapur, Maganpur, Rawatpur (villinge ) 3 

Paulatpur, Kalyanpur KalajKalyanpur Khurd, 

Mirzapur, Bhawanipur, Gambhirpur 

56 I/X,T. ^ 
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APPiJlilDIX II 

ALTmATIVJil PATHS BET\«N IMPORTANT 0 ~D PAIRS 


0 -D Pair 

Total no, 
of nodeg 

Sequence of nodee 

( 1 ) 

( 2 ) 

( 3 ) 

02-^25 

7 

02 04 05 10 16 19 25 

8 

02 04 05 11 10 16 18 25 

O2-.4.6 

4 

02 54 11 46 

6 

02 04 05 10 12 46 

02-55 

2 

02 55 

3 

02 01 55 

03-04 

2 

3 

0 

C\J 

0 0 

0 C 

03-09 

3 

03 07 09 

4 

03 07 06 09 

03-12 

5 

C3 04 05 10 12 

6 

03 07 06 10 11 12 

03-10 

4 - 

03 07 09 18 

5 

03 07 09 16 18 
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